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PREFACE 


The  last  quarter  century  has  witnessed  tremendous  interest  in  the 
field  of  microbiological  chemistry.    One  main  line  of  inquiry  has 
dealt  with  the  so-called  "type"  reactions,  such  as  oxidation,  re- 
duction and  hydrolysis  effected  by  microorganisms .    In  the  course  of 
our  work  in  the  Fermentation  Laboratory  we  have  made  use  of  these 
reactions  in  the  development  of  processes  to  utilize  surplus  agri- 
cultural products.    In  recent  years  we  have  found  it  increasingly 
difficult  to  keep  abreast  of  new  developments  due  to  the  large  num- 
ber of  papers  on  the  subject  scattered  throughout  the  chemical  and 
biological  literature. 

Consequently,  a  systematic  survey  of  the  literature  on  type  reactions 
was  begun  three  years  ago  and  this  monograph  is  the  result .    We  have 
limited  the  number  of  type  reactions  to  fourteen.    To  make  our  mate- 
rial more  manageable,  we  have  included  only  those  reactions  consum- 
mated by  whole  cultures,  washed-cell  suspensions,  mycelial  mats,  or 
dried  whole  cells.    The  large  number  of  reactions  catalyzed  by  cell- 
free  enzyme  preparations  were  thereby  excluded,  but  these  are  well 
covered  by  frequent  reviews  in  the  field  of  enzymology. 

Another  decision  was  to  cite  only  the  first  report  in  the  literature 
of  a  particular  type  reaction  involving  a  given  compound  and  micro- 
organism.   We  usually  excluded  reports  that  did  not  describe  the  sep- 
aration of  a  chemical  entity.    Structural  formulas  have  been  employed 
to  show  clearly  the  molecular  changes  which  occur  during  the  reaction. 
Entries  have  been  arranged  primarily  according  to  increasing  molecular 
weight,  but,  when  a  compound  appeared  more  than  once,  chronological 
priority  was  employed.    Indices  to  reaction  types,  microorganisms 
and  authors  are  provided  to  make  the  data  more  available.  Currently 
accepted  nomenclature  has  been  given  preference  in  designating  micro- 
organisms.   Any  nonvalid  name  found  in  the  literature  is  parenthesised 
immediately  following  or  below  the  valid  Latin  name. 

One  object  of  this  book  is  to  demonstrate  to  the  organic  chemist  the 
potential  usefulness  of  microorganisms  for  carrying  out  certain  re- 
actions that  are  difficult  or  impossible  to  bring  about  by  orthodox 
chemical  means.    One  must  remember,  however,  that  these  simple  living 
forms  are  complex  dynamic  systems,  requiring  careful  control  of  nu- 
trients, aeration,  temperature  and  pH  if  the  fermentation  is  to  pro- 
ceed along  the  desired  path.    To  aid  the  less  experienced,  we  have 
presented  brief  discussions  and  references  to  the  literature  dealing 
with  fermentation  equipment  and  procedure.    A  short  history  of  the 
development  of  microbiological  type  reactions  is  given  to  show  early 
work  in  the  field,  present  status  and  future  prospects. 
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TYPE  REACTIONS  IN  FERMENTATION  CHEMISTRY 


INTRODUCTION 


In  the  development  of  modern  science  and  technology,  the  contributions 
of  the  organic  chemist  have  been  indispensable.    His  primary  function 
has  been  to  produce  a  wide  variety  of  carbon  compounds  for  many  uses, 
and  to  aid  in  the  development  of  experimental  methods  and  theories. 
A  great  majority  of  these  compounds  have  been  synthesized  by  the 
organic  chemist  in  the  laboratory,  employing  methods  he  has  devised. 
A  considerable  number  have  been  isolated  from  natural  sources, 
while  many  others  have  been  prepared  via  the  so-called  micro- 
biological type  reactions.    The  development  of  these  three  methods 
of  obtaining  organic  compounds  is  presented  in  the  following  brief 
historical  review. 

With  synthesis  such  an  integral  part  of  modern  organic  chemistry  it 
is  hard  to  realize  that  this  technique  had  no  place  in  the  early 
development  of  the  subject.    Actually  all  the  groundwork  on  which 
the  science  is  based  was  done  on  natural  products  or  compounds 
derived  from  them.    Not  until  1828,  when  Wohler  accidentally  prepared 
urea  from  ammonium  cyanate,  was  it  realized  that  synthesis  was 
within  the  power  of  the  chemist.    The  systematic  employment  of  this 
powerful  tool,  however,  had  to  await  the  development  of  structural 
organic  chemistry,  and  another  17  years  passed  before  a  second 
example  of  synthesis  was  forthcoming— the  preparation  of  acetic  acid 
by  Kolbe  in  1845.    Aided  by  the  great  clarifying  principles  laid 
down  by  Kekule"  and  Couper  during  the  next  decade,  organic  chemistry 
underwent  a  tremendous  expansion  both  in  theory  and  practice.  The 
magnitude  of  this  growth  is  reflected  in  the  increase  over  the  years 
in  the  number  of  known  organic  compounds.    Prior  to  1857  only  about 
a  thousand  organic  compounds  had  been  characterized;  by  the  time  the 
first  edition  of  Beilstein's  Handbuch  appeared  in  1882,  this  number 
had  grown  to  15>000.    Organic  chemistry  was  then  entering  its  golden 
age  of  synthesis,  which  was  to  add  another  60,000  compounds  by  the 
turn  of  the  century.    Most  of  the  effort  during  this  time  was  directed 
toward  the  synthesis  of  dyes  and  drugs,  and  an  important  byproduct 
was  the  elaboration  of  many  new  experimental  methods  and  theories. 
That  little  attention  was  devoted  to  the  chemistry  of  living  systems 
is  understandable,  for  most  organic  chemists  of  the  era  were  appalled 
by  the  difficulties  attending  the  study  of  natural  processes.  For- 
tunately this  period  produced  Emil  Fischer,  who  believed  that  all 
physiological  changes  were  chemically  comprehensible  and  that  the 
first  step  toward  comprehension  was  the  elucidation  of  the  structures 
of  the  organic  compounds  involved  in  these  changes.    With  rare  success, 
Fischer  proceeded  to  clarify  the  chemistry  of  the  carbohydrates,  the 
proteins,  the  purines,  and  the  tannins,  thereby  laying  a  secure 
foundation  for  the  emerging  science  of  biochemistry.    This  branch 
of  learning  was  destined  to  enhance  the  whole  approach  to  biology  by 
emphasizing  its  investigation  at  the  molecular  level. 
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About  this  same  time  the  wonders  of  the  microbial  world  were  being 
revealed  by  Pasteur.    More  and  more  new  forms  were  being  discovered 
and  their  physiology  investigated.  As  early  as  18614-  Pasteur  was  able 
to  explain  the  production  of  vinegar  as  an  oxidation  of  ethyl  alcohol 
to  acetic  acid  by  "Mycoderma  aceti".    By  1880  Boutroux  had  oxidized 
glucose  with  this  same  organism  and  identified  the  product  as 
gluconic  acid.    In  1886  Adrian  Brown  reported  the  use  of "Bacterium 
aceti"  for  oxidizing  mannitol  to  fructose,  and  ©.-propyl  alcohol  to 
propionic  acid.    Ten  years  later  Bertrand  established  that  the 
oxidation  of  sorbitol  by  Acetobacter  xylinum  produced  sorbose.  These 
observations  led  to  the  conviction  that  the  assimilation  of  organic 
compounds  in  microorganisms  was  a  stepwise  process  susceptible  to 
elucidation.    It  was  becoming  apparent  that  these  lowly  forms,  because 
of  their  simplicity  and  ease  of  manipulation,  were  often  superior 
to  plants  and  animals  for  the  study  of  life  processes. 

The  concept  of  the  stepwise  nature  of  microbial  reactions  received 
additional  confirmation  through  the  later  work  of  Bertrand,  who  by 
1904  had  oxidized  six  polyhydric  alcohols  to  the  corresponding  ketoses 
by  means  of  A.  xylinum.    About  this  time  Schardinger  in  Germany  de- 
monstrated that  bacterial  hydrolysis  could  also  proceed  in  orderly 
steps  to  permit  the  isolation  of  crystalline  cyclic  dextrins  by  the 
partial  hydrolysis  of  polysaccharides.    An  event  of  great  importance 
soon  followed,  namely,  the  isolation  of  hexose  diphosphate  as  a  yeast 
product  by  Harden  and  Young,  which  was  to  initiate  intense  activity 
in  the  field  of  intermediary  metabolism  of  microorganisms  and  to  have 
a  profound  influence  on  our  knowledge  of  the  chemistry  of  higher  forms 
of  life.    In  1911  another  type  of  microbial  transformation  was  dis- 
closed by  Lintner  and  von  Liebig,  who  demonstrated  the  conversion 
of  furfuraldehyde  to  the  corresponding  alcohol  by  yeast.    Many  other 
examples  of  yeast  reductions  were  provided  by  Neuberg  starting  in 
1913  and  continuing  during  the  next  quarter  century. 

With  all  this  work  came  the  realization  that  the  chemist  now  had 
available  a  new  and  elegant  way  of  obtaining  organic  compounds,  which 
would  supplement  his  existing  methods.    The  new  procedure  resembled 
isolation  from  nature  in  that  living  systems,  the  microorganisms, 
were  involved,  but  it  also  had  something  of  the  character  of  organic 
synthesis  in  that  the  compounds  were  produced  by  stepwise  reactions 
from  purified  reactants  under  carefully  controlled  conditions — much 
as  in  the  chemist's  flasks.    In  many  cases  the  microbiological  method 
showed  distinct  advantage  over  chemical  synthesis  in  that  the  mi- 
crobial reactions  were  highly  specific  as  to  point  of  attack  on  the 
molecule  and  gave  high  yields  of  easily  isolable  material.  Moreover, 
the  product  would  be  optically  active  when  a  new  asymetric  center  was 
produced . 

Interest  in  the  microbiological  type  reactions  was  gTeatly  increased 
when  it  was  shown  about  1931*-  that  the  1-sorbose  needed  for  the  ascorbic 
acid  synthesis  could  be  prepared  on  a  large  scale  by  the  oxidation  of 


sorbitol  by  Acetobacter  suboxydans .  The  commercial  success  of  this 
process  did  much  to  attract  attention  to  the  possibilities  inherent 
in  fermentation  reactions,  and  many  new  types  were  discovered.  The 
more  recent  microbiological  oxidation  of  steroids  at  specific 
positions  in  the  molecule  has  added  greatly  to  the  accomplishments 
in  the  field  and  has  pointed  up  the  discoveries  and  applications 
that  remain  for  the  future. 


TOOLS  AND  METHODS  OF  FERMENTOLOGY 


Source  and  Maintenance  of  Microorganisms 

The  most  important  single  item  in  a  microbial  process  is  the  micro- 
organism whose  enzymes  are  responsible  for  converting  the  substrate 
to  a  product.    It  is  practically  always  necessary  to  use  pure  cul- 
tures.   Although  all  pure  cultures  were  obtained  originally— and 
often  can  be  re-isolated — from  natural  fermentations,  soil,  diseased 
tissue,  and  decomposing  material,  it  became  desirable  to  keep  pure 
cultures  and  maintain  them  indefinitely.    As  the  applications  of 
microbiology  have  multiplied,  culture  collections  have  increased  in 
number  and  in  size.    They  are  the  best  sources  of  the  microorganisms 
one  may  need,  because  culture  collection  organizations  are  staffed 
with  experts  who  pay  a  great  deal  of  attention  to  purity,  identifica- 
tion, and  vigor  of  growth.    Such  collections  are  found  in  many  parts 
of  the  world j  some  contain  several  thousand  cultures  of  diversified 
types.    The  names  and  locations  of  some  of  the  largest  and  best 
known  collections  are  given  here.    All  publish  catalogs  except 
number  2. 

1.  American  Type  Culture  Collection  (ATCC),  Washington,  D.  C. 

2.  ARS  Culture  Collection,  Northern  Utilization  Research  and 
Development  Division  (NRRL),  Agricultural  Research  Service, 
U.  S.  Department  of  Agriculture,  Peoria,  Illinois. 

3.  Centraalbureau  voor  Schimmelcultures .    Molds  and  actinomycetes 
are  kept  at  Baarn,  Holland;  yeasts,  at  Delft,  Holland. 

k.    Centre  de  Collections  de  Types  Microbiens  (CCTM),  Lausanne, 
Switzerland. 

5.  National  Collection  of  Industrial  Bacteria  (NCIB),  Teddington, 
England. 

6.  Commonwealth  Mycological  Institute,  Kew,  England. 

7.  Pringsheim  Culture  Collection  of  Algae  and  Protozoa,  University 
of  Cambridge,  England. 

8.  Culture  Collection  of  Algae  at  Indiana  University,  Bloomington, 
Indiana. 

9.  National  Collection  of  Type  Cultures  (NCTC),  London,  England. 
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The  Centre  de  Collections  de  Types  Microbiens,  although  maintaining 
a  collection,  serves  primarily  as  a  clearing  house  for  information 
on  the  location  of  cultures .    Most  collections  cooperate,  and  CCTM 
publishes  lists  of  available  strains.    When  a  request  is  received  by 
CCTM,  it  is  forwarded  to  the  appropriate  collection  which  in  turn 
mails  the  culture  to  the  person  requesting  it. 

Every  organism  has  its  own  pattern  of  nutritional  and  environmental 
requirements.    The  medium  must  contain  carbon  and  nitrogen  sources 
as  well  as  minerals  in  the  proportions  to  support  good  growth. 
Vitamins  may  also  be  required.    Carbon  and  nitrogen  are  often  pro- 
vided in  the  form  of  protein  hydrolysates  or  meat  extracts.  Yeast 
extract  or  liver  extract  may  fulfill  vitamin  requirements.  Fre- 
quently, minerals  are  supplied  by  the  addition  of  inorganic  salts, 
although  the  trace  amounts  present  in  tap  water  may  be  sufficient 
for  many  microorganisms.    When  carbohydrate  is  needed  to  furnish 
extra  carbon  and  energy,  glucose  or  sucrose  is  most  commonly  used. 
The  components  of  the  medium  are  dissolved  in  water  and  the  solution 
is  diluted  to  the  required  volume.    Liquid  medium  used  for  growing 
inoculum  is  distributed  into  test  tubes  or  flasks,  which  are  then 
closed  with  cotton  plugs  and  sterilized  at  120°  C.  (15  psi)  in  an 
autoclave  for  10-15  minutes  (10). 

If  a  solid  medium  is  desired,  agar  is  incorporated  in  the  medium 
prior  to  sterilization.    When  an  organism  is  to  be  grown  aerobically, 
a  slanted  surface  is  prepared  by  allowing  the  agar  medium  to  solidify 
while  the  tube  containing  it  is  inclined  at  an  angle  of  approximately 
25-50°  to  the  horizontal.    The  slanted  surface  of  the  medium  is 
inoculated  by  spreading  living  cells  of  the  microorganism,  contained 
in  a  sterilized  wire  loop,  over  the  surface.    If  an  anaerobic  organism 
is  to  be  cultured  in  a  solid  medium,  the  agar  is  allowed  to  solidify 
with  the  tube  in  an  upright  position.    The  agar  medium  is  then  in- 
oculated by  stabbing  the  surface  of  the  medium  with  a  sterilized  wire 
loop  containing  cells  of  the  desired  microorganism.    Anaerobes  are 
also  commonly  grown  in  liquid  media. 

Inoculated  tubes  of  agar  or  liquid  medium  are  incubated  at  the  tem- 
perature best  suited  for  optimum  cell  development;  this  is  generally 
25-50°  Co,  although  some  bacteria  require  ^5°  C.    After  cultures 
have  developed  on  agar  satisfactorily,  they  may  be  stored  in  a  refrig- 
erator.   Some  bacteria  can  also  be  stored  in  the  refrigerator  in  the 
liquid  medium  in  which  they  were  grown.    A  spore-forming  bacterium 
can  be  stored  indefinitely  by  pouring  a  suspension  of  sporulated  cells 
on  sterile  soil  and  drying  the  resultant  mud  at  k5°  C.  under  re- 
duced pressure.    Soil  cultures  of  streptomycetes  and  molds  are  pre- 
pared in  a  similar  fashion,  except  that  the  culture  broth  of  cells 
is  incubated  only  two  days  before  being  added  to  the  sterile  soil; 
drying  is  done  at  room  temperature. 
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A  widely  used  procedure  whereby  many  bacteria,  yeasts,  and  molds  may 
be  prepared  for  storage  over  long  periods  of  time  is  that  of  lyo- 
philization  (8).    In  this  process  the  microbial  cells  are  suspended 
in  a  small  volume  of  sterile  fluid  such  as  bovine  serum,  skim  milk, 
peptone  solution,  or  lactose  solution.    The  suspension  is  placed  in 
a  small  glass  tube  closed  at  one  end,  and  then  subjected  to  high 
vacuum  while  in  a  frozen  state.    The  cells  after  drying  are  sealed 
in  the  tube  while  under  vacuum,  and  thus  remain  viable  for  many 
years.    Another  less  used  procedure  for  maintaining  cells  in  a 
viable  condition  is  that  of  covering  them  with  a  1  cm.  layer  of 
sterile  mineral  oil.    This  procedure  has  given  good  results  when 
used  for  the  preservation  of  yeasts. 

Different  strains  of  the  same  genus  and  species  vary  in  their 
capacity  to  carry  out  a  biochemical  transformation.    They  are  called 
natural  variants.    Genetic  constitution  can  sometimes  be  altered 
through  X-ray  or  ultra-violet  irradiation,  and  microorganisms  can 
thereby  be  induced  to  demonstrate  novel  or  new  synthetic  powers 
not  previously  manifested.    Compounds  such  as  colchicine  and  the 
mustard  gases  are  also  mutagenic  agents.    The  changed  forms  are 
called  mutants.    There  are  still  other  genetic  approaches,  e.g., 
the  hybridization  of  yeasts. 

As  already  emphasized,  the  purity  of  a  culture  is  important.  Con- 
tamination must  be  avoided.    Cotton  plugs  are  poisoned  to  keep  out 
mites  and  mold  growth.    Precautions  should  be  exercised  when  trans- 
ferring spores  of  a  "dusty"  nature  to  prevent  setting  up  contam- 
inating aerosols.    Constant  attention  to  such  details  and  a  high 
standard  of  laboratory  cleanliness  will  help  to  insure  that  fermen- 
tation work  is  not  ruined  by  contamination. 


Equipment  and  Materials 

Practically  all  fermentations  are  conducted  in  a  liquid  aqueous 
medium.    The  simplest  container  ordinarily  employed  is  a  flask  pro- 
tected from  contamination  by  a  cotton  plug.    The  flask  is  generally 
of  the  Erlenmeyer  type  and  may  vary  in  size  from  100  ml.  to  the 
2800-ml.  capacity  of  the  Fernbach  flask.    If  a  closed  system  with 
multiple  ports  is  needed,  a  flask  with  side  necks  or  a  bottle  with 
a  large  neck  to  accommodate  a  stopper  with  connecting  tubes  serves 
well.    If  agitation  of  the  flasks  is  desired,  it  is  accomplished 
by  incubating  them  on  a  shaking  machine.    Two  types  of  shakers  are 
acceptable.    One  is  reciprocating  while  the  other  moves  the  platform 
on  an  eccentric  in  a  horizontal  plane.    Grain  sieve  machines  of  the 
second  type  may  be  converted  for  heavy  duty  use  in  fermentation  work. 
Shakers  with  tilting  platforms  are  not  satisfactory  because  the 
amount  of  shaking  is  a  function  of  the  distance  of  the  flask  from 
the  center  of  the  platform. 
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Deep  fernentors  for  laboratory  experimentation  may  range  from  large 
flasks  or  bottles,  as  already  mentioned,  to  stainless  steel  tanks 
of  10  to  50  liters  (6).    Cylindrical  stainless  steel  containers 
fitted  with  stainless  steel  tops  are  widely  used.    The  top,  which, 
mounts  various  equipment,  rests  on  a  gasket  and  the  fastening  clamps 
are  attached  around  the  bottom  of  the  jar.    The  tanks  and  jars  are 
provided  with  necessary  ports  for  inoculation,  aeration,  sampling, 
and  addition  of  antifoam  or  nutrient  material.    The  closed  tanks 
may  be  jacketed  for  temperature  control  while  the  cylinder  type  is 
immersed  in  a  water  bath  to  control  temperature.    Antifoam  material 
is  nearly  always  added  to  the  tank- type  fermentation;  this  can  be 
done  automatically  by  means  of  electrodes  which,  when  shorted  by 
foam,  actuate  a  solenoid  valve.    Air  is  sterilized  by  filtration, 
as  in  commercial  operation,  and  then  humidified  before  being  con- 
ducted to  the  fermentor  chamber.    The  air  is  introduced  through  a 
perforated  pipe  or  through  a  porous  ceramic  cylinder  or  candle.  For 
flasks  and  bottles,  the  porous  ceramic  may  be  in  the  form  of  a  small 
ball  attached  to  a  glass  tube.    Experimental  tank  fermentors  are 
generally  equipped  with  stirrers  so  that  the  absorption  of  oxygen 
from  the  air  may  be  more  efficient.    Deep  tank  fermentors  may  range 
in  size  up  to  50,  100,  or  even  many  thousands  of  gallons. 

Many  different  kinds  of  deep  fermentors  have  been  used.    The  Waldhof 
fermentor  is  used  both  here  and  abroad  to  grow  yeast  cells.    It  has 
a  powerful  motor  to  stir  the  contents  of  an  open  tank  and  entrain  the 
air  which  is  introduced  at  the  bottom.    This  system  may  be  modified 
so  that  the  liquor  at  the  top  with  foam  and  air  are  made  to  travel  to 
a  central  vortex  from  which  they  are  pumped  to  the  bottom  of  the  tank 
and  thence  upward  through  the  fermentation  liquor.    The  Humfeld 
fermentor  is  a  small  laboratory  apparatus  following  these  principles. 
When  oxygen  is  not  needed  or  is  excluded  in  the  fermentation,  the 
sparging  device  and  stirring  mechanism  are  omitted  and  less  head 
room  needs  to  be  reserved  in  the  fermentor. 

A  great  variety  of  media  is  used  in  the  fermentative  application  of 
many  hundreds  of  different  kinds  of  microorganisms.    A  simple  medium 
may  contain  glucose,  urea,  and  magnesium  and  phosphate  ions.  The 
organism,  however,  may  require  amino  acids,  pyrimidines,  and  vitamins. 
Despite  the  fact  that  the  physiological  requirements  of  many  organisms 
have  been  studied  in  detail  and  that  good  progress  has  been  made  in 
developing  successful  "synthetic"  substrates,  most  media  used  today 
are  empirical.    The  cheaper  materials,  of  course,  must  be  used  in 
commercial  fermentations.    The  sugar  may  be  crude  corn,  beet,  or 
cane  molasses.    The  required  complex  nitrogen  compounds  may  be 
furnished  as  hydrolyzed  crude  protein,  soybean  meal,  corn  steep  liquor, 
or  distillers'  solubles. 
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Practically  all  fermentations  aerated  with  a  stream  of  air  present 
a  foaming  problem.    As  mentioned,  the  foam  may  be  handled  mechan- 
ically by  pumping  it  to  the  bottom  of  the'  fermentor  and  thence  up 
through  the  liquor.    Chemicals  may  be  used  but  can  be  objectionable 
in  the  preparation  of  food  materials.    In  such  instances,  the  problem 
can  be  solved  without  addition  of  chemicals  by  leaving  excessive 
headroom  in  the  fermentor,  but  production  is  curtailed  because  the 
effective  capacity  of  the  fermentor  is  reduced.    Octadecanol  and 
heptadecanol  are  effective  chemicals  and  are  "clean"  substances 
with  which  to  work.    More  recently  the  silicone  antifoam  agents 
have  been  developed  and  are  extensively  used.    Cheaper  materials 
are  generally  used  in  commercial  fermentations;  examples  are 
mineral,  corn,  lard, and  soybean  oils.    Antifoam  agents  can  exert 
toxic  action  on  a  fermentation  and  one  must  be  on  guard  against 
this.    On  the  other  hand,  the  oils  of  antifoam  preparations  have 
been  found  to  be  metabolized  in  some  fermentations  and  to  increase 
the  yield. 

Development  of  equipment  for  pH  control  (4,7)  of  fermentations  has 
been  slow.    The  reason  is  that  the  glass  electrode  so  universally 
employed  did  not  withstand  repeated  heat  sterilization.    It  has  now 
been  improved  in  this  respect.    Another  solution  of  the  problem  has 
come  through  the  use  of  ethylene  oxide  as  a  sterilizing  agent  (9) . 
With  a  satisfactory  sterilizable  electrode  available,  one  can  buy  or 
set  up  apparatus  to  record  and  control  pH. 


Basic  Procedure  and  Variables 

The  medium  and  all  apparatus  that  is  patent  to  the  fermentation 
system  are  ordinarily  sterilized  with  steam  at  15  psi  (121°  C.) 
for  15  minutes.    More  drastic  conditions  are  sometimes  called  for. 
Also,  it  may  be  more  convenient  to  sterilize  a  substance  like  CaCCb 
separately  in  dry  condition.    Occasionally,  it  is  better  to  steam- 
sterilize  a  reducing  sugar,  e.g.,  glucose,  separately  because  the 
sugar  reacts  unfavorably  with  some  other  nutrient.    As  stated, 
ethylene  oxide  has  gained  favor  as  an  alternative  to  steam.  Steri- 
lization of  liquids  containing  labile  material  can  be  accomplished 
by  filtration  through  filters  having  very  fine  pores. 

The  inoculation  of  the  sterilized  medium  is  generally  done  with  a 
culture  of  vigorously  growing  cells  amounting  to  5  or  10  per  cent 
of  the  total  volume.    The  amount  of  inoculum  and  the  manner  of 
preparation  are  often  quite  important.    If  a  lyophilized  culture 
is  used,  a  tube  may  be  opened  and  the  organism  grown  on  an  agar 
slant.    Several  loops  of  growth  are  then  transferred  to  a  liquid 
medium  which,  after  one,  two,  or  three  stages  of  transfer  and 
expansion,  is  used  to  inoculate  the  fermentation  tank.    Many  of  the 
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fungi  produce  spores  in  great  numbers;  these  may  be  harvested  and 
germinated  to  start  a  fermentation.    The  medium  used  for  germinat- 
ing spores  or  otherwise  producing  inoculum  often  differs  to  some 
degree  from  the  fermentation  medium. 

If  a  limited  amount  of  oxygen  is  sufficient,  the  fermentation  may  be 
conducted  in  an  unshaken  flask,  i.e.,  in  still  culture.    If  more 
oxygen  is  needed,  the  flask  is  shaken.    In  larger  equipment,  the 
introduction  of  air  entails  agitation  of  the  liquor.  Anaerobic 
fermentation,  as  exemplified  in  the  production  of  acetone  and  butanol, 
is  conducted  with  strict  exclusion  of  air.    In  ethyl  alcohol  pro- 
duction, sufficient  yeast  cells  may  be  obtained  under  aerobic 
conditions  with  supply  of  some  air;  then  the  air  is  cut  off  and  ethyl 
alcohol  is  produced  by  an  anaerobic  process.    Some  microorganisms, 
particularly  the  molds,  do  best  if  allowed  to  grow  and  metabolize 
at  the  surface.    Though  oxygen  may  play  an  important  role  in  the 
fermentation,  it  is  a  kind  of  still  culture.    Agitation  wets  the 
mycelial  growth  and  causes  it  to  be  submerged,  sometimes  to  the 
detriment  of  the  fermentation.    Submerged  fermentation  is  the  most 
economic  because  much  larger  volumes  can  be  fermented  at  a  lower  cost. 
Generally  it  is  possible  to  find  strains  of  any  given  organism  that 
ferment  when  submerged.    If  such  strains  are  not  available,  then  it 
is  useful  to  expand  the  scale  of  surface  culture  by  replacing  flasks 
with  trays,  several  of  which  can  be  accommodated  in  an  incubator. 

The  rate  of  aeration  is  important  in  aerobic  fermentations.  Strictly 
speaking,  air  or  oxygen  is  a  nutrient  and  should  be  listed  with 
carbohydrate,  nitrogen  source,  and  minerals,  but  is  generally  treated 
separately  because  of  its  different  physical  state.    At  any  rate,  to 
produce  large  numbers  of  cells  of  an  organism  it  is  necessary  to  supply 
all  the  basic  nutrients — carbohydrate,  nitrogen,  phosphate,  oxygen — in 
large  amounts.    Again,  it  is  necessary  to  supply  large  amounts  of 
oxygen,  for  example,  in  the  rapid  conversion  of  glucose  to  gluconic 
acid.    It  is  therefore  important  to  measure  oxygen  absorption  rate. 
This  measurement  is  ordinarily  made  by  using  a  sulfite  solution  in 
place  of  the  fermentation  medium  with  all  other  conditions  the  same  (3). 
Oxygen  absorption  rate  (OAR)  is  expressed  as  millimoles  of  oxygen 
absorbed  per  liter  of  the  solution  per  minute.    Determined  under 
several  different  conditions,  it  was  found  to  be: 


Container 

Content,  ml. 

Condition 

B£M 

OAR 

Flask,  1000  ml. 

100 

Rotating 

200 

0.25 

Flask,  1000  ml. 

100 

Reciprocating 

88 

0.49 

Flask,  2.8  1.  Fernbach 

300 

Rotating 

200 

0.2 

Flask,  2.8  1.  indented 

Fernbach 

300 

Rotating 

200 

3.5 

Flask,  2.8  1.  indented 

Fernbach 

25 

Rotating 

292 

5.2 

Fermentor,  20  1.  with 

Air  flow  of 

sparger  and  baffles 

2  vols. /vol. 

of  medium/min. 

and  agitation 

550 

7.2 
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Temperature  control  is  generally  necessary.    It  is  accomplished  by 
incubating  flasks  in  a  room  held  at  a  given  temperature,  by 
immersing  a  ferment  or  in  a  water  bath,  or  by  circulating  a  mixture 
of  hot  and  cold  water  through  the  jacket  of  a  jacketed  fer mentor. 
Fermentations  are  conducted  at  25-io°  C,  very  often  at  25-50°  C. 

The  control  of  pH  is  also  important.    For  example,  the  production 
of  citric  and  itaconic  acid  with  molds  goes  best  at  a  relatively 
low  pH.    Hydrochloric  or  sulfuric  acid  may  be  used  to  set  the 
initial  pH;  a  better  way  is  to  add  some  of  "the  citric  or  itaconic 
acid  itself.    The  conversion  of  glucose  to  gluconic  acid  proceeds 
best  at  neutrality  or  pH  6.5,  and  alkali  must  be  continually  added. 
The  repeated  sampling  of,  or  addition  to,  flasks  greatly  increases 
the  danger  of  contamination;  in  addition,  it  is  difficult  to  keep 
track  of  the  volume.    If  one  is  making  a  calcium  salt,  e.g., 
calcium  gluconate,  the  problem  is  solved  by  adding  an  excess  of 
CaC03  at  the  start  of  the  fermentation.    The  acid  being  formed  is 
automatically  neutralized.    In  many  instances,  it  is  better  to  go 
to  a  20-liter  fermentor  equipped  with  an  automatic  titration  device, 
whereby  the  pH  is  held  constant  and  at  the  same  time  the  system  is 
kept  closed  and  sterile.    In  large  fermentors,  the  liquor  can  be 
circulated  from  the  main  fermentor  to  a  small  chamber  containing 
the  electrodes. 

The  time  of  fermentation  may  vary  widely — from  20  hours  for  con- 
version of  a  15  per  cent  solution  of  glucose  to  gluconic  acid-— to 
6  or  8  days  for  transformation  of  a  10  per  cent  sugar  solution  to 
itaconic  acid.    The  more  rapid  is  the  fermentation,  the  faster  the 
turnover  of  material  in  the  plant,  and  the  greater  the  efficiency. 

Not  all  substrates  that  one  wishes  to  subject  to  fermentation  are 
water-soluble.    An  example  is  progesterone.    To  obtain  a  better 
contact  between  it  and  the  modifying  organism,  one  may  dissolve  it 
in  a  little  alcohol  or  acetone  and  then  pour  the  solution  into  the 
aqueous  medium.    A  fine  dispersion  results.    Again,  even  though  an 
ingredient  or  a  particular  substrate  is  soluble  in  the  medium, 
better  results  are  sometimes  obtained  by  introducing  the  particular 
item  gradually. 

Continuous  fermentation  has  been  much  discussed  and  tried  (l). 
Success  has  been  only  mediocre.    The  difficulty  is  contamination. 
In  discontinuous  fermentations,  contamination  is  limited  to  one 
batch  and  may  not  have  time,  after  getting  started,  to  do  real 
damage.    A  continuous  fermentation  must  be  restricted  to  the  pure 
culture  without  any  invader,  week  after  week.    This  can  be  accomplish- 
ed with  a  vigorous  grower  like  Candida  (Torulopsis)  utilis.  Here 
it  is  possible  to  feed  the  sugar  solution  in  at  the  top  of  the 
fermentor  and  to  draw  off  yeast  cells  continuously  at  the  bottom 
or  vice  versa. 
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Operation  of  Type  Reactions 

In  the  use  of  microbiological  procedures  to  produce  a  desired  com- 
pound, it  is  important  to  employ  care  in  the  production  of  inoculum. 
The  first  step  is  the  aseptic  transfer  of  the  selected  organism 
whether  from  a  culture  on  agar,  a  lyophilized  preparation,  or  a  con- 
centration of  spores,  to  an  aqueous  medium  containing  the  nutrients 
necessary  for  abundant  proliferation  of  the  cells  (5).  However, 
should  it  be  necessary,  the  organism  can  sometimes  be  adapted  to  an 
abnormal  substrate  such  as  nitrobenzene  or  chloronaphthalene  by 
successive  transfers  to  media  containing  some  of  the  foreign  com- 
pound in  addition  to  required  nutrients.    Most  fermentation  reactions 
are  accomplished  without  culture  adaptation,  so  the  cells  can  be 
grown  on  the  medium  most  suitable  for  their  optimal  production. 
When  the  multiplication  has  progressed  to  the  desired  stage,  usually 
within  2k  hours,  the  cells  can  be  used  in  an  actively  growing  state 
in  one  or  another  production  medium,  or  they  may  be  used  under  the 
limited  conditions  of  the  washed  cell  technique.    In  the  latter  case, 
they  are  removed  from  the  growth  medium  by  centrifugation  or  filtra- 
tion.   The  cells  or  mycelium  are  then  re-suspended  in  a  buffered 
medium  after  they  are  first  washed  with  distilled  water  or  buffer 
solution  to  remove  residual  ingredients  of  the  growth  medium.  Other 
cell  preparations  have  been  used  in  place  of  washed  cell  suspensions, 
for  example,  cells  dried  in.  vacuo  in  the  frozen  state  or  at  room 
temperature  or  in  open  dishes  at  room  temperature,  and  cells  dried 
through  acetone  treatment. 

After  a  satisfactory  cell  growth  or  preparation  is  obtained,  the 
compound  which  is  to  be  tried  as  a  substrate  is  introduced.  A 
soluble  compound  is  simply  added  in  sterile  aqueous  solution, 
whereas  a  water-insoluble  substance  must  be  incorporated  in  the 
medium  as  particles  of  the  smallest  possible  size  in  order  to  make 
available  a  maximum  surface  area  exposed  to  the  microorganism  or 
its  enzymes.    Fine  division  of  a  water-insoluble  compounu  is  often 
accomplished  by  gradual  introduction  of  the  sterilized  solution,  in 
a  water -miscible  organic  solvent,  into  the  well-stirred  and  sterili- 
zed aqueous  medium.    Care  must  be  exercised  in  choosing  an  organic 
solvent  and  the  amount  of  solvent  that  will  not  be  inhibitory  to 
the  metabolism  of  the  microorganism  or  to  the  action  of  the  enzyme 
in  cell  preparations.  Some  solvents  used  for  this  purpose  are  ethanol, 
propanol,  acetone,  and  dioxane. 

The  time  required  for  transformation  of  the  substrate  to  product 
varies.    Some  reactions  are  complete  within  2k  to  kQ  hours,  whereas 
others  need  to  be  continued  for  several  weeks.    Control  of  the 
medium,  pH,  temperature,  aeration,  and  agitation  may  accelerate 
the  conversion  and  thus  reduce  the  total  reaction  time.    Rate  of 
transformation  of  substrate  may  be  ascertained  by  conducting 
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appropriate  tests  upon  small  samples  of  the  culture  liquor  withdrawn 
under  aseptic  conditions.    The  reaction  rate  may  be  expressed  as 
the  rate  of  disappearance  of  substrate  or  the  rate  of  formation  of 
product.    When  glucose  is  the  substrate,  the  quantitative  reduction 
of  copper  may  be  used  to  determine  glucose  concentration  (ll).  If 
the  product  being  formed  from  glucose  is  one  like  gluconic  acid, 
which  does  not  itself  reduce  copper,  then  the  same  method  can  be 
used  without  correction  to  determine  the  glucose  concentration 
throughout  the  fermentation.    Paper  chromatography  is  useful  as  a 
qualitative  procedure  for  the  examination  of  culture  liquors  and 
can  also  be  adapted  to  quantitative  use. 

The  pH  of  the  medium  should  be  followed  during  the  course  of  the 
fermentation.    If  the  reaction  product  is  an  acid,  titration  of 
the  culture  liquor  with  alkali  can  serve  as  a  measure  of  the  amount 
of  product  present.    Unexpected  change  in  pH  may  indicate  that  a 
contaminating  organism  is  present.    One  should  employ  microscopic 
examination  to  guard  against  contamination.    For  this  purpose,  a 
small  quantity  of  culture  liquor  is  withdrawn  from  the  contents  of 
the  flask  by  means  of  a  sterile  pipet  and  examined  at  a  high 
magnification. 

When  a  microbiological  reaction  has  reached  completion,  the  product 
may  be  present  in  the  culture  liquor  as  a  soluble  compound,  in  an 
insoluble  precipitate,  gum,  or  oil,  or  in  the  mold  mycelium  or 
bacterial  cells.    If  the  product  is  in  solution,  particulate  matter 
such  as  bacterial  cells  or  mycelium  may  be  removed  by  filtration  or 
centrifugation.    If  proteins  are  present  that  interfere  with  ex- 
traction, evaporation,  or  other  manipulation  of  the  fermentation 
liquor,  they  may  be  precipitated  with  trichloroacetic  acid.  When 
the  product  is  in  the  cellular  material,  it  must  be  freed  by  crush- 
ing, grinding,  ultrasonic  treatment,  or  lysing  of  the  cells  (<?, 
pp.  56-62).    Should  the  reaction  product  be  an  insoluble  precipitate, 
it  can  be  separated  by  decantation  of  the  culture  liquor  and  cells. 
The  product  can  then  be  suspended  in  water,  filtered, and  washed  until 
free  of  residual  impurities.    If  the  product  is  contained  in  a 
mycelium,  or  is  present  as  an  insoluble  oil,  extraction  may  be  a 
valuable  step.    Often  a  combination  of  procedures  may  prove  effective. 
Loss  of  vulnerable  products  due  to  air  oxidation,  excessive  tempera- 
ture, or  racemization  must  be  minimized. 
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TYPE  REACTIONS 


I .  Oxidation 


,  -CH- 
OH 


Visser't  Hooft,  "Biochemische  onderzoekingen  over  net  Geslacht 


Acetobacter . "  Thesis,  Delft  (1925). 
Rx.  1 


Acetobacter  species 
ChifQH — CH3  ■  CH3— C  ~ OH3 

6 


2-propanol 
(isopropyl  alcohol) 


acetone 


l&Ller,  Biochem.  £.  £2§,  253-67  (1931). 


C.A.  25,  56879  (1931). 
Rx.  2 


CH3-gH-CH3 

OH 


Acetobacter 


CHa-g-CHa 

o 


2-propanol 


acetone  (75-100$) 


Siegel  and  Kamen,  i.  Bacteriol.  Vif  693-7  (1950). 

£.  A.  &  7380f  (1950). 
Rx  3 

'  J  Rhodopseudomonas  gelatinosa 

(new  strain) 

CH3-9H-CH3  -  CHr< 

OH  ( 


2-propanol 


acetone  (kZf>) 


-  16  - 


Kling,  Conrot.  rend.  128.  2^-6  (1899). 

BrJLi.  fi.  A-  26/i_7,  525  (1899). 
Rx.  h 


Acetobacter  xylinum 


C  H3- C  H  —  CH^ 
OH  OH 

1,2-propanediol 
(1,2-propylene  glycol) 


CH3-C-CH 

O  OH 


acetol  (1C#) 


Kling,  Cornnt.  j^nd.  m  251-3  (1901). 

Brit.  C..A.  8ji/i_7,  625  (1901). 
Rx.  5 


CH3  CH  CH2, 
OH  OH 


Acetobacter  aceti 


CH3-£-CHa 
O  OH 


1,2-propanediol 


acetol 


Walti,       Am.  Chem.  Soc.  56,  2723-6  (1931*). 


£•▲•  22,  7314  (1935). 
Rx.  6 


CH3  C^H^CHi 
OH  OH 


Aspergillus  nleer 


CH3"~0  CH* 
6  OH 


1,2-propanediol 


acetol 


Butlin  and  Wince,  J.  Chem.  Ind.         365-6  (1939). 

£.&.  21b  24129  (19^). 
Rx.  7 

Acetobacter  suboxydans 

CH3-CH-CH*   -  CH3-C-9H* 

OH  OH  O  OH 

1,2-propanediol  acetol  (nearly  100$) 


-  17  - 


Goepfert,  J.  Biol.  Chem.  IkO.  525-34  (l94l). 
C.A.  2^,  66181  (1941). 
Rx.  8 

CH^H-CH*       gMgaUnl   t  CH3-C-CH* 
OH   OH  O  OH 

1,2 -propanediol  acetol  (10-13$) 

(1,2 -propylene  glycol) 


Bertrand,  Comnt .  rend.  126.  842-4;  984-6  (1898). 
Brit.  C.A.  j4  Jjj,  556  (1898). 
Rx.  9 

r,.  ,        Aeetobacter  xylinum  — .  .     n    ^  u 

OH   OH   OH  OH   O  OH 

glycerol  dihydroxy ace tone  (30$) 


Visser't  Hooft,  "Biochemische  onderzoekingen  over  het  Geslacht 
Aeetobacter. "    Thesis,  Delft  (1925). 
Rx.  10 


/~i  1  Aeetobacter  suboxvdans  _  _ 

CH^-yH  —  CH2,  ,        LH^-C  — L  Hz, 

OH    OH    6h  OH   6  OH 

glycerol  dihydroxyacetone 


Virtanen  and  Barlund,  Biochem.  Z„  169.  169-77  (1926) 
Rx.  11 


C.A.  20,  33078  (1926). 


Bacterium  dihydroxyacetonicum 

CH.-CH-^H,  ^1  .  CH,-Cj-CH, 

6h  oh  oh  oh  o  oh 

glycerol  dihydroxyacetone  (84$) 


-  18  - 


Bernhauer  and  Schon,  Z.  phvsiol.  Chem,  177.  107-24  (1928). 
C.A.  22,  3901 9  (1928). 


Rx  12 


organism  related  to 
Acetobacter  xylinum 


6h  oh  6h  oh  o  oh 

glycerol  dihydroxyacetone  (nearly  100$) 

Bousfield  §!§!.,  £■  lB£l<  Brewing  53.  258-62  (19^7) • 

C.A.  k£,  138lo  (19^8). 
Rx.  13 

Acetobacter  capsulatum: 
CH^-CH-CH^     Acetobqcter  species  ChUrtp-CH* 

OH  OH  OH  OH  6  OH 

glycerol  dihydroxyacetone  (80-100$) 


Loitsyanskaya,  Mikrobiologiva  22.  263-6  (1953). 
C.&.  kZ,  125231  (1953). 
Rx.  Ik 

Acetobacter  acetovorum 
(plus  acetic  acid) 

CpHt-CH-CH*   ^  CH*-$-CHt 

OH  OH   OH  OH  O  OH 

glycerol  dihydroxyacetone 


Maze  and  Ruot,  Compt .  rend,  soc.  biol.  29_,  706-10  (1916) 
C  J 
Rx.  15 


C.A.  11,  9762  (1917). 


Mucor  rouxii 

CH3-CH-COOH  CH3-C-COOH 

OH  O 

lactic  acid  pyruvic  acid  (approx.  22$) 


-  19  - 


Maze  and  Ruot,  Compt .  rend 

C.A.  H,  2585  (1917). 
Rx.  16 


soc.  bldl.  80,  356-9  (1917). 


CH3-CH-COOH 

OH 


Oidium  species 


lactic  acid 


CH3-C-COOH 
6 

pyruvic  acid  (50$) 


Goepfert,  Jo  Biol.  Chem.  l40.  525-34  (l94l). 

C.A.  25,  66181  (1941). 
Rx.  17 


CH3-CHa-<pH-CH3 
OH 


Fusarium  lini 


2-butanol 


CH3-CH*rC-CH3 
O 


2-butanone  (17-20$) 
(methylethyl  ketone) 


Foster,  J.  Bacteriol.  ifcl,  355-72  (1941+ ). 
C.A.  28,  4004**  (1944). 
Rx.  18 


CH3-CH^-9H-CH3 
OH 


org.  resembling 
Streptococcus  varians 


CH3-CHa-C-CH3 


08 


2-butanol 


2-butanone  (100$) 


Goepfert  and  Nord,  Arch.  Biochem.  1,  289-301  (1942). 
C.A.  22,  11349  (1943). 
Rx.  19  1 

Fusarium  lini 

CH3-9H-9H-CH3      .   ,  CH3-CH-C-CH3 

OH  6 


OH  OH 


2,3-butanediol 
(2,3-butylene  glycol) 


3 -hy d roxy -2 -but anone  (25-3C 
(acetylmethylcarbinol) 


-  20  - 


Grivsky,  Bull,  soc.  chim.  Belg.  51,  63-112  (19^2). 
C.A,  28,  331^T  (19W). 

Acetobaqter  xylinum; 
A.  aceti 

CHU-CHOH-CHOH-CHa   CH3-<;H-C-CHa 

OH  6 

D,L-2,3-butanediol  D  (-)  3-hydroxy-2-butanone 


Grivsky,  Bull,  soc.  chim.  Belg.  51,  63-112  (19^2) 
C.A,  2&,  331^7  (19»A). 


Rx.  21 


Acetobacter  xvlinum:  OH 
A.  aceti 


CH3-9H-CH-CH3  t  ,  CH3-CH-C-CH3 

OH  OH  6 

meso-2 ,3-butanediol  L  (+)  3-hydroxy-2-butanone 


Underkofler  et  al . ,  Iowa  State  Coll.  £.  Scj,.  1&,  377-9  (l9kh) . 
C.A.        i+7^92  (1941+) . 
Rx.  22 

^H           Acetobacter  suboxvdans 
CH3-9H-CH-CH3   ^  CH3-CH-C-CH3 

OH  OH  6 

D  (_)  2,3-butanediol  D  (-)  3-hydroxy-2-butanone  (96$) 

(See  J.  Am,  Chem.  Soc.  70.  990  (19^8). 

Bertrand,  Conrot".  rend.  1^0,  1330-33  (1900). 
Brit.  C.A.  jBjJj,  377  (1900). 
Rx.  23 

Acetobacter  xvlinum 

CHz-CpH-CpH-^H*.   9He-CH-C-9HA 

OH  OH   OH  OH  OH   OH   6  OH 


erythritol 


erythrulose 


C.A.  YL,  H349  (1*3). 


Fusarium  lini 


-  21  - 

Goepfert  and  Nord,  Arch.  Biochem.  1,  289-301  (1942). 

C.A. 
Rx.  24 

CH*-CH-CH-CH*  — qH9C_^H-q  ^Hz 

OH   OH   OH   OH  OH   OH   O  OH 

erythritol  erythrulose  (3-4$) 

Fulmer  and  Underkofler,  Iowa  State  Coll.  £.  Sci.  gl,  251-70  (1947). 
C.A.  41,  6299e  (1947) • 
Rx.  25 

Acetobacter 

CH«r9H-CH-9H*  guboxydap?  .  CH^H -C-CH* 
OH  OH   OH  OH  OH  OH   6  OH 

meso-ervthritol  L-erythrulose  (100$) 


Foster,  £.  Bacteriol.  4X  355-72  (1944). 
C.A.  28,  40049  (1944). 

Rx.  2^  organism  resembling 

Streptococcus 

CH3-g-1-9H-CH3         3£flELflna  CH3-CH-C-CH3 
CH3  OH  CH3  6 

3-methyl-2-butanol  3 -methyl -2 -but an one  (100$) 


Foster,  J-  Bacteriol.  JfcZ,  355-72  (1944). 

C.A.  28,  40049  (1944). 
Rx  27 

1  organism  resembling 

Streptococcus  varians 

CHrChU-CH£-CH-CHa   -  ChU-CH^-Chk-^-CHs 

OH  O 

2-pentanol  2-pentanone  (100$) 


-  22  - 

Foster,  J,  Bacteriol.  47.  355-72  (1944) . 

£.A.  28,  40049  (1944). 
Rx.  28  organism  resembling 

Streptococcus 
varians 

CHa-CH^H-ChtrCHa   CH3-CHz-C-CH«rCHs 

OH  6 

5-pentanol  3-p©ntanone  (100$) 


Walti,  £.  A&.  Chem.  Soc.         2723-6  (1934). 
C.A.  22,  7314  (1935)- 
Rx.  29 

Aspergillus  niger 

CH3-CH2rCH^9H-9H2,   CH3-CHarCH2,-C-CH* 

OH  OH  6  OH 

1, 2-pentanediol  1 -hydroxy -2 -pentanone 


Reichstein,  Helv.  Chim.  Acta  17.  996-1002  (1934). 

C.A. 
Rx.  30 


C.A.  29_,  13959  (1935) 


Acatobacter  suboxydans  (?J 

^-CH-^H-CJH-CH^   CHA-CH -CH -C-CHa 

OH   OH   OH  OH    OH  OH   OH   OH   O  6h 

adonitol  L-adoriulose  (95$) 


Harm  et  al.,       Am.  Chem.  Soc.  60,  1201-3  (1938). 

C.A.  2£,  54391  (1938). 
Rx.  31 

/-sy  Acetobacter  p,M 

1  suboxydans  V 

CH^-CH-CH-CH-^   -  CHrC-CH-CH-C^Ha 

OH  OH   OH  OH  OH  6  OH  OH 

D-arahitol  D-xylulose 


-  23  - 


Liebster  et  al . ,  Chem.  Listv  )£L,  1075-80  (1953). 
C.A.  k8,  kOkka  (1954). 
Rx.  32 

.  ^  Acetobacter  q^_j 

T  suboxvdans  I 

CHz-CH-CH-CH-COOH  — —  CH*-C-CH  -CH  -CO  OH 

II  4  I  It  T 

OH   OH  OH  OH   O  OH 

D-arabonic  acid  4- keto-D-arabonic  acid  (61$) 


Posternak  e£  al . ,  Helv.  Chim.  Acta  38,  205-12  (1955) 
C.A.  5Q,  I6l9e  (1956). 
Rx.  33       H  oh 

Acetobacter  suboxvdans 


cis-cyclohexane -1,2 -diol  2 -hydroxy eye lohexanone 

(1.8  g.)  (2.h  g.  phenylhydrazone) 


Posternak  and  Ravenna,  Helv.  Chim.  Acta  30.  khl-51  (19^7) 
C.A.  i£l,  3767h  (19U7). 
Rx  3^ 

Acetobacter  suboxvdans ; 
org.  resembling  A.  xvlinum 


1,2,3 -cy clohex  ane tr iol  cis-2 , 3 -d ihydr oxy cy c lohex  anone 

(1.8  g.)  (2.4  g.  phenylhydrazone) 


Posternak  and  Reymond,  Helv.  Chim.  Acta  38.  195-205  (1955). 
C.A.  50,  l6l8i  (1956). 
Rx.  35 


HO 


Acetobacter  suboxvdans 


OH 

4H 

H 

H 

dihydroconduritol 


2,3A-trihydroxycyclohexanone 


-  2k  - 


Posternak,  Helv.  Chim.  Acta  22.,  350-5  (1950 ) 
C.A.  kk,  6823g  (1950). 

H 

OH 

Acetobacter  suboxydans 


H  OH 

1-viburnitol 


OH 

H 

< 

hoN?h 

H 

OH 

2  >  4/3  >  5-"tetr  ahydroxy- 
cyclohexanone 


Posternak,  Helv.  Chim.  Acta  22.  1594-7  (1950 ) 
C.A.  itS,  19671  (1951). 
Rx.   37    y  oh 

My 


OH 

.XH  HO/. 
HO\|  |/C 

H  H 

d-viburnitol 


Acetobacter  suboxydan£ 


OH 


3,5/2,4-tetrahydroxy- 
cy c lohex  anone 


Magasanik  and  Chargaff,  J.  Biol.  Chem.  175.  939-1+3  (1948) 

C.A.  4J.,  4726h  (1949). 

Rx.    38      OH  OH 

u 

Acetobacter  suboxydans 


cy clohexane -1 , 5-cis- 
6 -t r  iol -2 , 3 -d  i  one 


Kluyver  et  al . ,  Enzymologia  2,  257-72  (1939) 
C.A.  24,  63221  (1940). 


OH 


Pseudomonas  bei.ierinckii 
(plus  autoxidation) 


OH  OH 


me so -inositol 


tetrahydrobenzoquinone 


-  25  - 


Posternak,  Helv.  Chim.  Acta  25.  746-52  (1942). 
C.A.    21,  938  0-943). 
Rx .    40  OH 

Acetobacter  suboxydans 


H  OH 

meso- inositol 


OH 

H 

OH 

HoN?" 

yu 

r 

OH 

scyllo-ms-inosose 


Rx, 


Posternak,  Helv.  Chiqi.  Acta  29_,  1991-8  (1946) 
C.A.    lfcL,  l623g,  51C2f  (1947). 
41     OH  PH 


HO 


OH  H 

1-epi-inositol 


Acetobacter  suboxydans 
Kluyver  and  de  Leeuw 


OH  H 

(-)epi-ms-inosose  (68$) 


Magasanik  and  Chargaff,  J.  Biol.  Chem.  175.  929-37  (1948). 
C.A.    hi,  153b  (1949). 

OH      OH  OH  OH 


Rx. 


Acetobacter  suboxyd.an.s, 


ON 


Magasanik  and  Chargaff,  J.  Biol.  Chem.  175.  929-37  (1948) 
C.A.     Ifci,  153b  (1949). 

Rx.  43 


OH 

<kOH 

> 

H 

Acetobacter  suboxydans 


d-inosose 


H 


OH 

O 

H 

cyclohexane-1 .5-cis- 
4,6-tetrol-2>3-dione 


-  26  - 


van  Risseghem,  Bull,  soc.  chim.  Belg.  ^5.  21-35  (1936) 
C.A.  67056  (1936). 


Rx.  kk 


CH3 

HC-OH 
HC-OH 
CHa, 
CH3 


masn-3  > ^-hexanediol 


Acetobaq ter  xylinum: 
A.  acet^i 


9H3 
9H* 

c=o 

HO-9H 
CH3 

L  (+)  4-hydroxy-3-hexanone 


van  Risseghem,  Bull,  soc .  chim.  Belg.  k^,  21-35  (1936). 
C.A.  20,  67O56  (1936). 


Rx.  45 


CH3 

CH*. 
(~HOH 

CHOH 

CH* 

CH3 


Acetobacter  xylinum: 
A.  aceti 


CH3 

CH* 

c=o 
(J:hoh 

CH3 


D-  or  L-3,4-hexanediol 


D-  or  L-4-hydroxy-3-hexanono 


Richtmyer  et  al . ,  J.  A&.  Chem.  Soc.  2Z,  ^93^-7  (1950) 
C.A.         5109e  (1951). 


Rx.  k6 


9H2OH 

HO-9H 
H9-OH 
H9-OH 

HO-QH 

CH3 


Acetobacter  s  14b pxy dans 


9h*oh 

HO-CH 
HC-OH 

HO-9H 
CH3 


L-fucitol 


L-fuco-4-ketose 


-  27  - 


Steiger  and  Reichsteln.  Helv.  Chim.  Acta  18.  790-9  (1935). 
C.A..  22,  62131  (1935). 


Rx. 


CH^OH  CH*OH 

HC-OH  HC-OH 

HC~OH               Acetobacter  xyliftWA  HC~OH 

HC-OH  HC-OH 

HC-OH  C=0 

£h*OH  CH*OH 

allitol  L-psieose 


Brown,  £.  Chem.  Soc.  *t2,  172 -87  (1886). 
Rx.  kQ 

CH2OH  CHzOH 

1  1 

HO'CH  Acetobacter  aceti  C=0 

HO"CH  (Bacterium  aceti)  HO- J H 

HC-OH  — ~  H9-OH 

HC-OH  HC-OH 

tHzOH  CHaOH 

mannitol  fructose 


Brown,  £.  Chem.  Soc.  ^32-9  (1886). 
Rx.  k9 

CHzOH  CHzOH 

1  1 

HO~CH  Acetobacter  xylinum  C=0 

HO'CH  (Bacterium  xylinum)  HO"£h 

HC-OH  """"  HC-OH 

HC-OH  Hd-OH 

£h*OH  CHaOH 


mannitol 


fructose 


-  28  - 


Self art,  Zentr .  Bakt .  Parasitenk.  JjlJ  1,  385-99  (l89T) 


Brit.  C.A.  399  (1898). 
Rx,  50 

CHzOH 
HO-CH 

ho-6h 

HC-OH 

h6-oh 
6h*oh 


Acetobacter  kutzingian,um 


CH2OH 
9=0 

HO-CH 
HC-OH 

HC-OH 
CHzOH 


mannitol 


fructose  (0.26$) 


Angeletti,  Ann,,  chim.  annlicata  26.  234-6  (1936). 

C.A.  2Q,  76127  (1936). 
Rx.  51 

CH2OH 

V  Penicillium  crustaceum  Fries 

HO-(jH  Pea.  luteum-purpurogenum 

( "Nomen  dubium"; 


ho-6h 

HC-OH 
HC-OH 
d^OH 


CH^OH 
CO 
HO-iH 
H(^-OH 
HC-OH 
CH*OH 


mannitol 


fructose 


Fulmer  ei  al • ,  Iova  State  Coll .  J 

C.A.  3J+,  1285  (1940). 
Rx.  52 

CH2OH 

HO-CH 
HO-CH 

H<5-OH 

Hi- OH 
tHzOH 


i.  li,  279-81  (1939) 


Acetobacter  suboxydans 


CH2OH 

c=o 

HO-CH 
HC-OH 
HC-OH 

6hzoh 


D-mannitol 


D-fructose 


-  29  - 


Bertrand,  Conrot.  rend.  122.  900-3  (1896). 
Brit.  C.A.  Jjlj,  h<&  (1896). 
Rx.  53 

CH2OH  CH*OH 

HC-OH     fn  Apetobap^r  HUmm  (t)  HC-OH 

1                (Bacterium  xvlinum  of  Brown? ;  1 

HO-CH                 m^j^m  HO-CH 

HC-OH  HC-OH 

HC-OH  C=0 

CH*OH  CHzOH 

sorbitol  sorbose 


Bernhauer  and  Gorlich,  Biochem.  Z.  280.  375-8  (1935) 
C.A.  20,  IO855  (1936). 
Rx.  54 


CHaOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CH2.0H 


Acetobacter  gluconicum  (72$) 
Bacterium  xylinoides  (56$) 

a.  agUauffl  0&<f>) 


CH*OH 
HC-OH 
HO-CH 
HC-OH 

CH*OH 


sorbitol 


L-sorbose 


Fulmer  et  ^l.,  J.  Ajii.  Chem.  Soc.  58,  1012-13  (1936), 
C.A.        52605  (1936). 


Rx.  55 


CHzOH 
HC-OH 

ho-6h 

Hd-OH 
HC-OH 
dH*OH 


Acetobacter  suboxvdans 


CH*OH 
HC-OH 

ho-6h 

Hd-OH 

d^o 

dHzOH 


D-sorbitol 


L-sorbose 


-  50  - 


Fulmer  and  Underkofler,  Iova  State  Coll.  £.  S^i.  21,  251-70  (l9Vf). 
£.A.  iti,  6299e  (l9Vf). 

ta-  56             CH2OH  CH*OH 

•  OLJ  AsaiasasigE  aseti  (85*)  t 

HC-OH  A.  xvlinum  (75*)  HC~OH 

HO-6h  4>  raroxyflwg  (5#)  HO-CH 

h6-oh  h£-oh 

HC-OH  6=0 

dhfeOH  6HzOH 

D-sorbitol  L-sorbose 


LoTtsyanskaya,  Mikrobiologiva  22.  263-6  (1953). 
jfl,  125231  (1953) 


Rx.  57 


CH*OH 

h6-oh 
ho-£h 

HC-OH 
HC-OH 
CH^OH 


Acetobacter  qcetovprum 
(plus  acetic  acid) 


CH2OH 

HC-OH 

ho-6h 

HC-OH 

6=0 

CH*OH 


sorbitol 


sorbose 


ImshenetskiT  and  Kuzyurina,  Mikrobiologiva  21,  159-65  (195^) 
C.A.         13821a  (195*0. 
Rx.  58 


CH*OH 
HC-OH 

ho-6h 

H9-OH 
HC-OH 
CHUOH 


Acetobacter  melanogenum; 
A.  suboxvdans 
(wrinkled  strains) 


CHaOH 
HC-OH 
HO-CH 

:-oh 
o 


sorbitol 


sorbose 


-  31  - 


Masuo  and  Kondo,  Ann.  Rept .  Shionogi  Research  Lab.  No,  6.  II5-I7  (1956) 
C.A.  SI,  5l92h  (1957). 
Rx,  59 

CH*OH  CH^OH 

HC-OH      Streptq^yces  albidoqavus;  HC~OH 

HO"£h           f laveolus :  Strentomvces  species  HO~CH 

hJ-OH                              "~  HC-OH 

HC-OH  C=0 

£h*OH  6h2oh 


D-sorbitol 


L-sorbose  (40$) 


Stubbs  et  aio,  In&.  gag.-  Ohm-  22,  1626-31  (1940) 
£.4.  25,  15758  (l94l). 


Rx.  60 


CHO 
HC-OH 

ho-6h 

HC-OH 
HC-OH 

£h*oh 


Pseudomonas  fluorescens 
(See       Bacteriol.  k2, 
51  (l94l). 


COOH 

9=0 

HO-CH 
HC-OH 
HC-OH 
CH*OH 


D-glucose 


2-keto-D-gluconic  acid  (87$) 


Lockwood  et  al.,  £.  Bacteriol.  5I-6I  (1941). 
C.A.  35,  7I+499  (1941). 


•Rx.  61 


CHO 
HC-OH 

ho-£h 
h6-oh 

HC-OH 

6h*oh 


Pseudomonas  mildenbergii 
(100$) 

£§..  species  (30-88$) 


COOH 
t-O 
HO-CH 
HC-OH 
HC-OH 
tH2,OH 


D-glucose 


2-keto-D-gluconic  acid 


-  32  - 


Ikeda,  J..  Agr.  Chem.  Soc.  Japan  2jt,  56-9  (1950) . 
£.A.  is,  7l89g  (1951). 
Rx.  62 


CHO 
H9-OH 
HO-CH 
hld-OH 
HC-OH 

CH*OH 


PgeudQinQnag  fluoresceins  (8(#) 
Serratia  marcescena  (J5#) 


COOH 

HO-CH 
HC-OH 

h£-oh 
:h*oh 


glucose 


2-ketogluconic  acid 


Kulka  gial.,  Nature  167.  905-6  (1951  )• 
C,. A.  reference  not  published  (?) 
Rx.  63 


CHO 

h£-oh 
ho-£h 

h£-OH 

h£-oh 
£h*oh 


Acetobacter  orleanense : 
A.  nasteurianum:  A. 
acetigenup:  A.  tu^bidans 


COOH 

6-0 

ho-£h 

HC-OH 

h6-oh 
:h*oh 


D-glucose 


2-keto-D-gluconic  acid 


Masuo  and  Nozaki,  Ann.  Rents .  Shionogi  Research  Lab.  No.  3.  97-101  (1953) 


C.A.  50,  15711g  (1956) 
Rx.  6k 

CHO 
Hi-OH 

HO-CH 
HC-OH 
HC-OH 
CHaOH 


Aerobacter  aerogenes 


COOH 

6=0 
HO-iH 

h6-oh 

h£-OH 
£hUOH 


D-glucose 


2-keto-D-gluconic  acid 


-  33  - 


Kulka  and  Walker,  Arch.  Biochem.  Biophys .  J50,  169-79  (1954). 
£.A.  ^8,  8870f  (1954). 


CHO  COOH 
HC-OH  CO 

)— GH  Acetobacter  mobile;  |_|Q_£|_| 

HC~OH     A.  gluconicum:  A.  xvlinum:  HC~OH 

HC^OH  other  Acetobacter  sp.  HC~OH 

CHzOH  CHzQH 

glucose  2-ketogluconic  acid 


Blackwood  and  Blakley,  £an.  i.  Microbiol.  2,  741-6  (1956). 
£.A.  21,  2942b  (1957). 
Rx.  66  _ 

CHO 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

O-UOH 


Xanthomonas  uredovorus 


COOH 
9=0 
HO-CH 
HC-OH 
HC-OH 
CH*OH 


glucose 


2-keto-D-gluconic  acid 


Boutroux,  Compt .  rend.  102.  924-7  (1886) 
Brit.  C.A.  /ii_7,  682  (1886). 

Rx.  67 

CHO 
H9-OH 

HO-CH 
HC-OH 
HC-OH 
CH2OH 


organism  resembling 
Bacterium  oblongum 

(M.  oblongus) 


COOH 

HC-OH 
HO-CH 
Hi -OH 

c=o 
6h«oh 


glucose 


"oxygluconic  acid" 
(probably  5-ketogluconic  acid ) 


-  34  - 


Kluyver  and  de  Leeiiw,  Tijdschr.  verge liik.  Geneeskunde  10.  170-82  (1924) 
C.Ae  18,^32026  (1924). 
Rx.  68 

CHO  COOH 

HC"OH  Acetobacter  Hy~OH 

HOCH  pvtbo^ydan?  HOCH 

HC-OH  Hd-OH 

HC-OH  C=0 

ChuOH  CHtOH 

"oxygiuconic  acid" 

glucose  (shown  later  to  be 

5-ketogluconic  acid) 

Bernhauer  and  Schon,  Z.  nhvsiol.  Chem.  180.  232-40  (1929). 
C..A.  21,  19245  (1929). 
Rx.  69 

CHO  gOOH 

HC-OH  Acetobacter  xvlinum  H(p~OH 

HO~yH  (gacterivm  x^iinum)  j_jQ_(pl_j 

HC-OH  H9-OH 

HC-OH  9=0 

CHzOH  CH*OH 

glucose  5-ketogluconic  acid  (65$) 


Takahashi  and  Asai,  J.  Agr.  Chem.  Soco  Japan  6.  407-12  (1930). 
Rx.  70 


C_.A°  git,  43192  (1930). 


CHO  GOOH 

HC-OH  acetic  acid  bacteria  H^-OH 

HO-CH  (3  new  species)  HO"CH 

HC-OH  HcJr-OH 

HC-OH  "  C=0 

CHbOH  CH*OH 


glucose 


5-ketogluconic  acid 


-  35  - 


Kulka  alfll-*  Nature  167.  905-6  (1951)- 
£.A.  reference  not  available 

Rx.  71 

(^HO               Acetobacter  acetosum:  COOH 

HC-OH       &•  orleanense;  A.  turbida^s,;  HC"OH 

j_|q_qj_j               other  Acetobacter  species  HO~CH 

HC-OH                             *~  HC-OH 

Hd-OH  CO 

CH*OH  (jTHaOH 

D-glucose  5-keto-D-gluconic  acid 


Katznelson  gi  al. ,  £.  Biol.  Chem.  2 (A.  43-59  (1953). 
C.A.  ifcl,  12520h  (1953). 
Rx.  72 

CHO  COOH 

Hd-OH  0=O 

HO-(!lH  Acetobacter  melanogenum  HO~6h 

HC-OH  HC-OH 

HC-OH  C=0 

CHaOH  £h«OH 

glucose  2,5-diketogluconic  acid 


Asai  et  al.,  £.  Agr.  Chem.  Soc.  Japan  625-3O  (1952). 
C.A.  1+8,  12882f  .(1954). 


Rx.  73 


CHO  COOH 
HC-OH  C=C 

HO-CH  Pseudomonas  flupresqens  HO~CH 

HO-dH  HO-CH 
HC-OH  HC-OH 
dH^OH  £h*OH 


galactose 


2-ketogalactonic  acid 


-  36  - 


Masuo  and  Nozaki,  Ann.  Rept .  Shionogi  Research  Lap.  No.  6.  110-14  (1956) 
C.A.  51,  5192f  (1957). 


Rx.  7^ 


CHO  COOH 

HCOH  CO 

HO~CH                    Aer9ba,cter  aerpgenes  HO~CH 

HOCH  "~  HOCH 

HC-OH  HC-OH 

CH*OH  dHzOH 

D-galactose  2-keto-D-galactonic  acid 


Bernhauer  and  Gorlich,  Biochem.  £.  2M,  367-7^  (1935)- 


C.4.  1085^  (1936). 
Rx.  75 

COOH 
HOcQH 
HO-9H 
HC-OH 
HC-OH 

CH*OH 

gluconic  acid 


Acetobacter  gluconicum 
(Bacterium  glUSQnicuffl) 


COOH 

9=0 

HO-CH 

h6-oh 

HC-OH 
CHaOH 

2-ketogluconic  acid  (6$) 


Bernhauer  and  Knobloch,  Naturwissenschaf ten  g6.  819  (1938). 
C.A.         1+2829  (1939). 
Rx.  76 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CHzOH 


Acetobacter  suboxvdans  (76^); 
other  Acetobacter  species 


COOH 
HO-tH 

h6-oh 
H9-OH 

CHzOH 


D-gluconic  acid 


2-keto-D-gluconic  acid 


-  37  - 


Ikeda,  J,  Jter.  Chem^  §22.-  Japan  24.  51-55  (1950). 
£.A.  itS,  7l89f  (1951). 
Rx.  77 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CH*OH 


Pseudpmon,a,s  fluoresces; 

Serratia  maroescens 


COOH 

c=o 
ho-6h 

HC-OH 
HC-OH 
£h£>H 


gluconic  acid 


2-ketogluconic  acid 


Ffirber,  Sbornik  Ceskoslov.  Akad.  Zemedelske  25.  355-64  (1951 ). 
£.A»        9605a  (1951). 


Rx.  78 


:ooh 

H(p-OH 
HO- CH 
HC-OH 
HC-OH 
CH2OH 

gluconic  acid 


non -motile  blue  bacterium; 
proposed  name:  Cyanpcoccus 
gftroffiospj-rans 


900H 

CO 
HO-CH 
H^-OH 
HC-OH 

6h*oh 

2-ketogluconic  acid 


Yamazaki,  J.  Fermentation  Technol.  (Japan)  31,  230-4  (1953) 


£.A.  ltl,  7736e  (1953) 
Rx.  79 

COOH 

HC-OH 
HO-9H 
HC-OH 
HC-OH 
CHaOH 


Pfiftiidomonas  fluorescent 


COOH 

c=o 

HO-CH 
HC-OH 
HC-OH 
CH*OH 


D-gluconic  acid 


2-keto-D-gluconic  acid  (60$) 


-  58  - 


Rx, 


Kulhanek,  Chem.  Listv  kl.  1071-4  (1953). 

C..4.  }&,  kCkll  (195^). 

80 


COOH 
H9-OH 

HO-CH 
HC-OH 
HC-OH 
CH*OH 

D-gluconic  acid 


Pseudomonas  aeruginosa, 
(10  strains) 


COOH 

9=0 

HO-^H 
H9-OH 
HC-OH 
CH*OH 


2-keto-D-gluconic  acid  (74$) 


Bertrand,  Ann.,  chim.  phvs.  /Qjl,  181-288  (1900. 
Brit.  C.A.  Q6j±iJ,  760  (1900. 
Rx.  81 


COOH 
HC-OH 
HO-CH 
H(J:-OH 
HC-OH 

CHzOH 


Acetobacter  xyXiftW" 


COOH 
HC-OH 
HO-CH 
HC-OH 

c=o 

^HaOH 


gluconic  acid 


5-ketogluconic  acid 


Bernhauer  and  Knobloch,  Biochem.  Z.  305.  308-I5  (1940). 


C..A. 
Rx.  82 


3k,  4102'  (1940) 


COOH 
HC-OH 
HOCH 
HC-OH 

HC-OH 
CH«OH 


Acetobacter  suboxydans  muciparum 
(A.  suboxydans  Tar.  muciparum;  be- 
lieved to  be  physiologically 
identical  to  A.  suboxydans . ) 


COOH 
H9-OH 
HO-CH 
'  HC-OH 

c=o 

CHaOH 


gluconic  acid 


5-ketogluconic  acid 


-  39  - 


Kulhanek,  Chem.  Listy  47.  1071-4  (1953) 
C.A.  Mi,  ^Qltfi  (195^). 
Rx,  83 

COOH 
HC-OH 

HO-CH 
HO-CH 
H9-OH 
CH*OH 


Pseudomonas  aeruginosa 


COOH 

HO-CH 
HO-CH 
HC-OH 
CHzOH 


D-galactonic  acid 


2-keto-D-galactonic  acid 
(8256) 


Gray,  U.  S.  2,421,612  (June  3,  1947). 
C.A.  41,  5684d  (1947). 
Rx.  84 

COOH 
HO-^H 
HQ-CH 


HC-OH 
HO-CH 
CH2OH 


Acetobacter  suboxydans 


COOH 

HO-CH 

HC-OH 
HO-CH 

CHaOH 


L-gulonic  acid 


COOH 

h<|:-oh 

HO-CH 

HC-OH 
HO-9H 
CH2OH 


2-keto-L-gulonic  acid 
(about  75#) 


Gray,  TJ.  S.  2,421,611  (June  3,  1947). 
C.A.  la,  5683h  (1947). 
Rx.  85 


PseudoniQn,a,g  mildenbergii 


COOH 

c=o 
ho-£h 

H^-OH 
HO-CH 
dHzOH 


L-idonic  acid 


2-keto-L-idonic  acid  (about  4^) 
(2-keto-L-gulonic  acid) 


-  1*0  - 


Fa*rber,  Sbornik  CeskosloVo  Akad.  Zemedelske  23.  355-61*-  (1951)  • 
C..A.  l£,  9605a  (1951). 


Rx.  86 


COOH 
H^-OH 
HO-CH 

hcJ:-oh 

HO-CH 

CH*OH 


non-motile  blue 
bacterium;  pro- 
posed name: 
CvanocOGGua  chrQm,QBPiraflS 


L-idonic  acid 


2-keto-L-idonic  acid 


Hori  and  Nakatani,  £.  Fermentation  Technol.  (Japan)  21,  72-k  (1953) 
C.A.  It8  ,  5275d  (195*0. 


Rx.  87 


COOH 
Hd-OH 
HO-CH 

Hd-OH 
HO-CH 

dHzOH 

L-idonic  acid 


irradiated  soil  organism 
similar  to  Pseudomonas 
fluorescens 


2-keto-L-idonic  acid 


Kulhanek,  Chem.  Listv  k7.  1071A  (1953). 
C.A.  i±8,  k0k3±  (195^). 
Rx.  88 


COOH 
HC-OH 
HO-^H 

H^-OH 
HO-CH 

dH^OH 


Ps?^49wonas  aminos  a 


C^OOH 
HO-C^H 

*  hc|:-oh 

HO-CH 
dHaOH 


L-idonic  acid 


2-keto-L-idonic  acid  (90#) 


-  kl  - 


Hori  and  Nakatani,  £.  Fermentation  Technol.  (Japan)  22,  33-6  (1954). 
£.A.  48,  12885f  (1954). 

Rx.  89  

COOH  COOH 

HC-OH  c=o 

HO~CH  Pseudomonas  fluorescens  HO_CH 

HC-OH  HC-OH 

HO-CH  HO-CH 

CHaOH  ChUOH 

L-idonic  acid  2-keto-L-idonic  acid 


Masuo  e£  al,.,  Anji.  Rents .  Shionogi  Research  Lab.  No.  4.  62-8  (1954). 
£.A.  ^0,  15711i  (1956). 
Rx.  90 

COOH         Aerobacter  aerogenes  (653);  COOH 
HC-OH     species  of  Acetobacter.  Serratia.  C=0 
j_jQ_Q|_j  Aerobacter  and  Pseudomonas  |_jq_qj_| 

HC-OH  ~~  ~~  HC-OH 

HO-CH  HO-CH 

CH*OH  CHaOH 


L-idonic  acid  2-keto-L-idonic  acid 


Bertrand  and  Nitzberg,  Comnt .  rend.  186.  925-8  (1928). 
£.A.  22,  21783  (1928). 

**•  91             CHeOH  CHaOH 

H9-OH  HC-OH 

HC-OH  Acetobacter  xvlinum  HC^-OH 

HO-CH   -  HO-CH 

HC-OH  HC-OH 

HC-OH  C=0 

CH^OH  CH*DH 


Of-glucoheptitol 


L-g luc ohep t u los e 


-  k2  - 


Cozie,  Mo  "Etude  biochimique  de  Bact .  xylinum. "  Doctoral  Thesis. 
Houben-Weyl  ±,  860  (1955).    Pt.  2.  4th  ed.     Andre  ^SOt'  NemOUrS*  (l955)° 

**•  92        CH*OH  CH*OH 

HO-CH              .   .  .    .      _ ,  HO-CH 

nu              Acetpbgcter  xylinum  ,  ,A 

Hy"wr1               (Bacterium  xvlinum)  H^""Vjr1 

HO-CH   HO-CH 

HC-OH  HC-OH 

Hd-OH  d=o 

CHzOH  CHeOH 

D-0-glucoheptitol  D-idoheptulose 


Harm  eial.,  J.  Am.  Chem.  Soc.  £0_,  1201-3  (1938) 
C.A.  2a,  54391  (1938). 

to.  93  CHeOH 

h6-oh 

HC-OH 
HO-CH 
HC-OH 
Hd-OH 
£h*OH 

a-glucoheptitol 


Acetobacter  suboxydans 


CH*OH 
HC-OH 
HC-OH 
HO-CH 
HC-OH 

c=o 

CHeOH 

L-glucoheptulose 


Bertrand,  Conrot.  rend.  Ikl.  201-3  (1908). 
C.A.  2,  31672  (1908). 


to.  9U  £H;tOH 
HO-CH 
HO-CH 
HC-OH 
HC-OH 
HO-9H 

CHeOH 

perse itol 


Acetobacter  xylinum 
(sorbose  bacterium) 


CHaOH 

60 

HO-CH 
HC-OH 
HC-OH 

HO-^H 

CHzOH 

perseulose  (^5$) 


-  *3  - 


Hann  et  al.,  £.  Am-  Chem.  Soc.  60,  1201-3  (1938). 
C.A.  32,  51<-391  (1938). 


Rx  95  CHaOH 
HC-OH 
HO-CH 
HO-CH 
HC-OH 
HC-OH 
CH*OH 

perseitol 


Acetobacter  suboxydans 


CH^OH 
HC-OH 

ho-6h 

HO-CH 
HC-OH 

c=o 

CHaOH 

perseulose  (95-100$) 


Bertrand,  Compt^  rend.  126.  762-5  (1898) 
Brit,  C.A.  32t  B-J,  550  (1898), 

Rx-  96  CH^OH 
HO-CH 
HO-CH 
HO-CH 
HC-OH 
HC-OH 
CH*OH 

volemitol 


Acetobacter  xvlinum 
(sorbose  bacterium) 


CHzOH 
HO-CH 
HO-CH 
HO-CH 
HC-OH 

do 

CH*OH 

volemulose 
(see  JACS  21,  3532  (19^9). 


Stewart  et  §1. ,  J.  Am..  Chem.  Soc.  21,  3532-4  (19^9). 
C.A.  kk,  10799a  (1950). 

«*'  97         CHaOH  CH^OH 

HO-CH  CO 

1  I 

HO-CH               Acetobacter  suboxvdans  |_JQ_£|^ 

HO-CH   ^  HO-CH 

HC-OH  HC-OH 

HC-OH  HC-OH 

CH*OH  CH2OH 


volemitol 


D-mannoheptulose  (42$) 


-  kk  - 


Smith  and  Worrel,  Arch.  Biochemo  28,  232-41  (1950). 


Rx.  98 


C.A.  |£,  3031g  (1951). 
OH 

CH-CH-CH*OH 


NO*. 

chloramphenicol 


I 

c=o 

CHCJU 


gssfa>ricfria  ooli: 
Proteus  vulgaris : 
Bacillus  subtilis 


0=C-CH-CH2.OH 


V 


a~amino-P -hydroxy -p-aminopropiophenone 


Foda  and  Vaughn,  J_.  Bacteriol.  6J2,  233-7  (1953) 
C.A.  hi,  5990d  (1953). 


Rx.  99 


CHO 
HC-OH 
HO-CH 

HC-OH 
CH*OH 


3 


HO 
Hd-OH 
HO-CH 
Hd-OH 
HC  


CHaOH 


Acetobacter 
melanogenum 


COOH 
HC-OH 
HO-CH 
HC-OH 

c=o 

CH2OH 


maltose 


5-ketogluconic  acid 


Katznelson  and  Tanenbaum,  J..  Bacteriol.  68,  368-72  (195*0- 
C.A.  kQ,  13813a  (195*0° 


Rx.  100 


CHO 
HC-OH 

ho-<;h 

HC-O— 1 
HC-OH 
CH*OH 


3 


HC 

HC-OH 
HO-CH  Q 
HC-OH 
HC 


£h*OH 


Acetobacter 
melanogenum 


COOH 

c=o 

HO-CH 
H9-OH 

c=o 

CHaOH 


maltose 


2,5-diketogluconic  acid 


-  1*5  - 

Meister  gt  al.  in  Peterson,  Record  Chenio  Progr.  IX,  211-40  (1956)0 
C.A.  51,  3635c  (1957). 
Rx.  101  OH.  O 


testosterone  15  a-hydroxy-4-androstene-3,17-dione 


Mamoli  and  Vercellone,  Ber . 
C.A.  22,  84319  (1938). 
Rx.  102  O 


,  1686=7  (1938) 


o 


aerobic  bacteria 


-andros  tene  -3a-ol-17=one 
(dehydroandrosterone ) 


^  -androstene-3,17~dione  (87$) 


Mamoli,  Ber_„  JIB,  2278-80  (1938). 
c.A.  22.,  13528  (1939). 
Rx.  103  O  OH 


HO 


dehydroandrosterone  testosterone  (8l$) 


-  46  - 


Arnaudi,  Boll,  sez.  ital. .  Soc.  Intern .  mlcrobiol.  11,  208-11  (1939). 
4 


C_-Ao  2^  3301*  (1940). 
Rx.  104  O 


Flavobacteriugi 
(MicrocoooHS 

flekYdrogenans) 


HO" 


dehydroandrosterone 


-androstene-3,17-dione 


Koester  si£L.,  U..       2,236,574  (April  i,  1941). 

25>  P43934  (1941). 
Rx.  105 


"impoverished  yeast" 


HO" 


dehydroandrosterone 


testosterone 


Molina  and  Ercoli,  Boll,  ist.  sieroterap.  milanese  23-.  l£4-7  (1944). 

9 


£.A.  ita,  3152  (1946). 
Rx.  106  O 


Flavobacterium 
carbonilicum 


HO' 


dehydroandrosterone 


drostene-3 , 17-dions 


-  1*7  - 


Turf  it  t,  Biochem.  £.  j^Lx  79-81  (1946) 
C.A.  k£,  41058  (1946). 


Rx.  107 


o 


HO' 


dehydroandrosterone 


Mycobacterium.  rftQdochrpu.s 
(Proactinomvces  ervthronolis 
Gray  and  Thornton) 
See  Gordon,  2„  Bact . 
2i,  15  (1957). 


o 


r -andros tene -5 , 17-d  ione 


Hughes  and  Schmidt,  £roc.  Soc.  Exptl.  Biol.  Med.  $1,  162-5  (1942). 
C.A.  2X»  66°8  (1943). 


Rx.  108 


Alcaligenes  faecalis 


5_androstene-3P-ol-17-one 
(dehydroisoandrosterone ) 


-androstene -3 , 17-dione 
(nearly  100$) 


Vischer  and  Wettstein,  Exnerientia  9.  371-2  (1953). 
C.A.  48,  5268h  (1954). 


dehydroisoandrosterone  '  -androstadien-3,17-dione 


-  1+8  - 


Bodson  gt  al. .  A^a.  Chem.  Soc.  29_,  3921  (1957). 
C.A.  51,  18113d  (1957). 


Rx.  110 


CH3 


a  Penicillium  sp.  Q|_j 
from  soil  I 


dehydroisoandrosterone 


1  <3=hydroxy-4-androstene-3,17-dione 


Ercoli,  Biochim.  teran.  sner.  2jL  215-6  (1941) 
C.A.  4£,  73586  (1946). 


Rx.  Ill 


Flavobacterium 
dehvdrogenane 

(Micrococcus 
dehvdroEonans) 


estradiol 


estrone 


Zinnnermann  and  May,  Zentr .  Bakt.  .  Paras itenk.  I  Abt.  1*51.  462-6  (1944) 
C.A.  40,  47653  (1946). 
Rx.  112  OH 


pseudodiphtheria 
bacilli 


estradiol 


estrone 


-  k9  - 


Turfitt.  Biochem.  J.  42,  376-82  (1948). 
C.A.  4£,  6406e  (1948). 

x.  113  OH 

Proaotinomvces  sp. 
See  Gordon,  J_.  Bact 
15  (1957). 


estradiol 


estrone 


Welsch  and  Heusghem,  Comnt .  rend,  soc.  biol.  142.  1074-6  (1948) . 
C.A.  42,  4331b  (1949). 
Rx.  114  OH  O 


estradiol  estrone  (almost  100^) 


Mamoli,  U.  S.  2,186,906  (Jan.  9,  1940). 
g 

C.A.  24,  3436  (1940). 

UH 


Rx.  115 


CH3 


yeast 


^5_androstene-3P,  17a-diol 


^  epitestosterone 
C^-androstene-17a-ol-3-one ) 


-  50  - 


Ercoli,  Z.  physiol.  Chem.  270.  266-70  (l94l). 
C.A.  2X,  1532  (191+3). 


Rx 


Flavobaq.teriuiE 
dehvdrogenans ) 


H 


CHj 


CHj 


^  -androstenediol 


testosterone  (61+$) 


Ercoli,  Z.  physiol.  Chem.  270.  266-70  (1941 ). 
C.A.  21,  1532  (1943). 


Rx.  117 


androstenediol 


Flavobacterium 
dehvdrogenans 

(Migrpcpccus 


^  -androstene-3,17-dione 


Ercoli  and  Molina,  Boll,  ist.  sieroteran.  milanese  23.  1 58-63  (1944). 

£.A.  lta,  3152  (1946). 
Rx.  118 


Flavobacterium 
anflrpBtenedipnioum. 


CHj 


CHj 


androstenediol 


-^y  -androstene-3,17-dione 


-  51  - 


Molina  and  Ercoli,  Boll,  ist.  sieroterap.  milanese  2^j,  164-7  (1944) 
C.A.  40,  31529  (l9l+6)o 


Rx.  119 


Flavobacterium 
carbonilicum 


,^-androstenediol 


r-androstene-3,17-dione 


Molina  and  Ercoli,  Boll,  ist.  sieroterap.  milanese  25.  164-7  (1944). 
C.A.  *t0,  31529  (1946). 


Rx.  120 


Flavobacterjyim, 
carfronijicum. 


-androstenediol 


testosterone 


Zimmermann  and  May,  Zentr .  Bakt.  Paras itenk.  I  Abt.  151.  462-6  (1944), 
C.A.  40,  47655  (1946). 


Rx.  121 


pseudodiphtheria 
bacilli 


-androstenediol 


testosterone 


-  52  - 


Mamoli,  Gazz.  chim.  ital.  63 ,  237-40  (1939) 
C.A.         93H2  (1939). 


Rx.  122 


dehydrogenating 
bacteria 


H 


17-methyl-*£*-androstene-3 , 17-diol 


17-methyltestosterone  (75$) 
(See  Heilbron,  Vol.  Ill,  p.  510) 


Ercoli,  Biochim.  terap.  sper.  28,  125-30  (1941). 
£.A.  38,  29879  (19U). 

Rx.  123  OH 

:=ch 

Flavobacterium  dehvdrogenans 
(Micrococcus  dehvdrogenans ) 


17-ethinylandrostene-3, 17-diol 


pregneninolone 
(l7-ethinyltestosterone ) 


Mamoli,  Ber.  £LB,  2701-3  (1938). 
C.A,  31,  2157  (1939). 


4±  5-.pregriene-3P-ol-20-one  progesterone 
^5-pregnenolone ) 


-  53  - 


Rx 


Ercoli,  Boll,  sci-  facolta  chim. 
C.A.  28,  I5I+O8  (19M0- 
.  125  CH3 

c=o 


ind.  Bologna .  279-82  (1940) . 


CH3 


Flavobacterium  dehydrogenans 
(Micrococcus  dehydrogenans ) 

CH3 


-pre  gne  ne  -3(3  -ol  -2  0  -one 
(^5 -pregnenolone ) 


progesterone  (82$) 


Perlman,  Science  115.  529  (1952) 
C.A.  k6,  7620a  (1952). 
Rx.  126  CH3 

CO 


CH3 


Streptomvces  species; 
Aspergillus  niger ; 
Phy corny ces  b lakes lee anus 


<>o 


^^-pregnene  -3^  -ol  -20 -one 


progesterone 


Vischer  and  Vettstein,  Experientia  9_,  571-2  (1953) 
C..A.  KQ,  5268h  (1954). 
Rx.  127  CH3 


Fusarium  solani; 
F.  caucasicum. 


9»3 


^1  -pregnene-3P-ol-20-one 


1  4 

^  '  -androstadiene-3^1'f-dione 


-  5*  - 

Kita  and  Shull,  in  Shull,  Trans.  N.  Y.  Acad.  Sci.         1^7-72  (1956). 

£.A.  51,  kk95o  (1957)- 
Rx.  128  CH3 

c=o  o 


HO 


A   -pregnene-3f3-ol-20-one  &  '  -androstadiene-3,17-dione 


Perlman  gial-,  J.  Bacteriol.         3^7-52  (1955)- 
C.A.  Its,  838lg  (1955). 
Rx.  129  CH3 


A  new  Streptomyces 
from  soil 


CH3 
6=0 


CH3 


pre  gnane  -3P  -ol  -2  0  -one 


progesterone 


Meystre  gt  al.,  Helv.  Chim.  Acta  3X  15^8-53  (195^). 
£.4.  kQ,  13797d  (195*0. 
Rx.  130  CH2.OH  CH*OH 


-  55  - 

Meister  et  al . ,  J.  Affi°  Ghem.  Soc.  Z£,  ^050-1  (195*0 « 
C.A.         902Ug  (1955). 


Rx. 


corticosterone  cortisone 


Mamoli,  Ber.  72B.  1863-5  (1939). 
C«A.         7738  (19^0). 

Rx.  132  CH*0-C-CH3 


c=o  o 


HaOH 

=o 


Corynebacterium 
mediolanum 


5 

21-acetoxy-^  -pregnene-3P-ol-20-one 


11-desoxycorticosterone 
(cortexone)  (3^30 


Hughes  and  Schmidt,  Proc.  Soc.  Exptl .  Biol.  Med.  51,  162-3  (19^2). 
C.A.  21,  6608  (19U3). 


Rx.  133 


CH3 

dH-(CH^COOH 


CH3 

<!:h-(ch4-cooh> 


HO" 


H 


Alcaligenes 
faecalis 


lithocholic  acid 


3-ketocholanic  acid  (25$) 


-  56  - 

Hughes  and  Schmidt,  Proco  Soc.  Exptl.  Biol.  Med.  21,  162-3  (1942) 

8 


£.A.  21,  660  (1943) 
Rx.  13k 


ChU 


CH3 

?H..CH-(CH*)rCOOH         9  CH-(CH*)rCOOH 


HO'* 


CH3 


Alcaligenes 
faecalis 


desoxycholic  acid  3 ,12-diketocholanic  acid  (nearly  100$) 


Schmidt  et  al . ,  £.  Biol.  Chem.  145.  229-36  (1942) 
C.A.  2&,  70606  (1942). 


Rx.  135 


CH3  CHa 

9H  (!:H-(CHz)rCOOH        o  ch-(ch*)z-cooh 

CH3  ' 


CHs 


Alcaligenes 
faecalis 


"OH 

cholic  acid 


3,7,12-triketocholanic  acid  (83$) 


Hoehn  et  al . ,  2.  Biol.  Chem.  152.  59-66  (1944). 
C.A.  38,  17639  (1944). 

Rx.  136                   CH3  CH3 

?H  dH-(CH*)z-COOH        Q  6h-(CH4tCOOH 


CH3 


HO' 


H 


Alcaligenes 
faecalis 


*OH  HO' 

cholic  acid 


3-hydroxy-7,12-diketocholanic  acid 


-  57  - 

Hoehn  et  al,.,  J.  Biol.  Chem.  1^2.  59-66  (1944). 
C.A.  28,  17639  (1944). 
Rx.  137  CH3  CH3 

?H  iH-(CHz)rCOOH         9H  CH-(CH^COOH 


CH3 


Alcaligenes 
faecalis 

X)H  HO' 

cholic  acid 


3, 12-dihydroxy-7-ketocholanic  acid 


Halperin  et  al.f  Arch.  Biochem.  Biophvs .  5-I7  (1954). 
C.A.  48,  138l7i  (195^). 

Rx-  138  CHU  CH3 

?H  ch-(ch4-cooh  ch^chO-cooh 


HCT' 


H 


Nocardia  sp. 
(See  R.  E.  Gordon, 
J.  Bact.  22.,  15 
(1957) . 

cholic  acid 


£M3 


probably  a  derivative  of 
3-keto-^^-cholenic  acid 


Hayakawa,  Proc .  Japan  Acad.  30.  133-8  (1954)  „ 
C.A,  50,  388o  (1956) 


Rx.  139 


TH  CH-(CHz.VCOOH 


Actinomyces 
No.  1164 


COOH 


0 


OH 


2^4 ,9(11) _7_hydroxy-3 , 12 -dike to  - 
bisnorcholadienic  acid  (6,7$) 


-  58  - 

Hayakawa  §£  §i..,  Proc -  Japan  Acad ,  22,  519-22  (1956). 
£.A.  2k,  2111f  (1957). 
Rx.  140  CH3  CH3 

?H  CH-fCH^COOH        O  CH-(CH*)^COOH 


Strentomvces 
gelaticus 

cholic  acid 


7a-hydroxy-3 ,12-diketo- 

cholanic  ac  id  (6.7#) 


Hayakawa  gt  &1 . ,  J.  Biochem.  (Japan)         723-30  (1956). 
2k,  2111d  (1957). 

^  i^i  CHa  9H3 

?H  CH-(CH*)£-COOH        O  CH-COOH 

CH3J 


gtreptopiyces 

gelaticus 

X)H  O' 

cholic  acid 


7a-hydroxy-3 , 12 -dike to- 
^^-bisnorcholenic  acid 


Hayakawa  gt  a?,. .  Proc.  Japan  Acad.  22.,  519-22  (1956) 
C.A.  5^,  2111f  (1957). 


Rx„  142 


9H  CH-(CH*lrCOOH 
ch3  1 


9H3 


o  ch*(ch4tCooh 

CH3 


Streptomvces 
gelaticus 

"OH 

cholic  acid 


"OH 

3a, 7a-dihydroxy-12-ketocholanic  acid 


-  59  - 

Hayakawa  et  a^.,  Proc .  Japan  Acad.  22,  519-22  (1956). 
fl.A.  gl,  2111f  (1957). 
Rx-  ^5  CH3  CH* 

9"  CH-CCHtk-COOH        9H  ch-(CH4-COOH 

ch»JL  1  ch9 


HO' 


H  —  OH 

"Ja,  12a-dihydr  oxy -3 -ke tocholani c  ac id 


Eguchi,  J.  Biochem.  (Japan)  kh,  8l-5  (1957) • 
C.A.  51,  88T2g  (1957)- 

Rx„  Ikk  CH3  CH 

9H  CH-(CH4-COOH        9H  CH-(CH*)i-COOH 


a  soil  bacterium 
(strain  CE-l) 

cholic  acid 


7a,12a-dihydroxy-3-keto-^  -cholenic  acid 


Hayakawa  et  al . ,  J_.  Biochem.  (Japan)  109-13  (1957) 
C„A„  si,  8872h  (1957). 

9H  CH-fcH»}rCOOH 


9H3 

9  CH-COOH 


Strentomvces 
gelatiqus 


KOH 


cholic  acid 


3a ,  7a-d  ihy  d  r  oxy  -12  -ke  t  o  - 
bisnorcholanic  acid 


-  60  - 

Ereoli,  Boll,  gsi.  facolta  chim,  ind.  Bologna.  279-82  (1940). 
8 


C.A.  28,  1540"  (1944). 
Rx.  146  CHa 

CH-(CH*)rC-CH, 

o 


CH3 


CH3 


Flavobacter-qmi 
dehydrogenans 
(Micrococci's 

dehydrogenans ) 


CH3 

ch-(ch4-c-ch 

II 

o 


^5_norcholestene-3-ol-25-one 


^  -norcholestene-3,25-dione 

aw 


Turfitt,  Biochem.  £.  28,  492-6  (1944). 
C_.A.  25^  3029  (1945). 
Rx    147  CHs  £H* 

ch-(chA-ch-ch: 


CH3  _ 

Mycobacterium 

rhpdpchrous 
(Proaqtinomvces 
ervtftropolis ) 

(See  R*  E .  Gordon,  ry 

£.  gasi.  12,  15  (1957) 

cholesterol 


CH3  CH9 
CH-(CHz)3-CH-CH2 


^  -cholestenone 


Horvath  and  Kramli,  Nature  160.  639  (1947).  (See  C..A.  4$,  2055d  (1951).) 
C.A.  42,  1986i  (1948). 


an  unidentified 
Azotobacter  sp. 


cholesterol 


^  -cholestenone 


-  61  - 

Kramli  and  Horvath,  Nature  162.  619  (1948). 
£.A.  42,  4333f  (1949). 
Rx.  149  ^  C^Ha 


dH-(CHz)3-CH-CH 


Proactinomvces 
roseus 


CH,  CH3 
CH-(CH»VCH-CH3 


cholesterol 


£^  -cholestenone 


Arnaudi  and  Colla,  Exnerientia       120-2  (1949) . 
£.A.  ±2.,  7079f  (1949). 
Rx.  150  9^3  (^Ha 

^3 


dH-fcH^CH-CH 


Flavobacterium 
MEM 


C^H3  CH3 

ch-(ch4-ch-ch3 


cholesterol 


^^-cholestenone  (11-13$) 


Rothrock  si  al.,  Aj^h.  Biochem.  Blonhvs.  21,  151-5  (1955). 
£.£.  42,  14903c  (1955). 
Rx.  151 


saponin  (R  -  carbohydrate  moiety) 


^^-diosgenone  (3.6$) 


-  63  - 


I.  Oxidation 


-CHr  — 9H- 

OH 


Walker  and  Coppock,  I.  Chem.  Soc. .  803-9  (1928). 
£.4.  22.,  2394  9  (1928). 
Rx.  152 

CH,-CH4-COOH      toggJg;  ^  CH3-CH-COOH 

6h 

propionic  acid  lactic  acid 


Stent,  Subramaniam  and  Walker,  £.  Chem.  Soc..,  1987-93  (1929). 
C.A.  gjt,  40725  (1930). 


Rx.  153 


COOH 

CH* 
COOH 

succinic  acid 


Aspergillus  niger 


COOH 
HC-OH 
CH* 

dooH 

dl-  and  1-malic  acid 
(7-3» 


Lassota  §i  s^l. ,  Bull,  acad.  polon .  sci.  Classe  II,  1 /Jl J ,  11-14  (1955) 
£.A.  5a,  5030b  (1956). 

Rx.  15U      rooH  COOH 

h6-OH 

Ha- 

DON 


COOH 

CHa 

6doh 


Mycobacterium 
strains 


succinic  acid 


malic  acid 


-  64  - 


Coppock  et  al.,  J.  Cham.  Soc. .  1422-7  (1928). 
C.A.  22,  3^255  (1928). 


Rx.  155 


COOH  COOH 
i  i 

CHz  Aspergillus  niger 

CH*   H^-OH 

CHs 


6h3  CH2 


valeric  acid  p-hydroxyvaleric  acid 


Murray  and  Peterson,  U.S.  2,683,725  (July  13,  195*0 
Q.-L-  kS>  7608a  (1955)- 
Rx.  156  OH 


H 


Rhizopus  ref lexus 


10-normethyltestosterone 
(l9-nortestosterone ) 


6(3-hydroxy-10-normethyl  testosterone 


Pederson  et  al.,  J_.  Am.  Chem.  Soc.  jQ,  I512-I3  (1956) 
C.A.  5a,  l4806d  (1956). 

rx„  157  OH 


Rhizopus  nigricans 


19-nortestosterone 


6f3-hydroxy-19-nortestosterone  (l8„3$) 


-  65  - 


Murray  and  Peterson,  U.S.  2,683,725  (July  13,  195*0 
C.A.  }£,  7608a  (1955). 


Rx.  I58 


H 


Rhizopus  reflexus 


10-normethyltestosterone 


lla-hydroxy-10-normethyltestosterone 


Pederson  et  a^.,  J_.  M-  Chem.  Soc .  2£L  1512-13  (1956) 
C.A.  50,  l4806d  (1956). 

x.  159  OH 


H 


Rhizopus 
nigricans 


H 


19-nortestosterone 


lla-hydroxy-19-nortestosterone 


Dodson  gt  ai.. ,  J.  A&°  Chem. 
C.A.  11,  18113d  (1957). 


Soc..  22,  3921  (1957). 


Rx.  160 


a  Penicillium  sp. 

from  soil  OH 

1 


^  -androstene-3,17-dione 


la-hydroxy- ^  -androstene-3,17-dione 


-  66  - 


Dodson  et  ,  J.  Am.  Chem.  Soc.  22,  3921  (1957) 
C-A.  jjl,  18113d  (1957). 


Rx.  161 


CH3 


a  Penicillium  sp. 
from  soil 


£^-androstene-3,17-dione 


2£-hydroxy-  ^-androstene-3,17-dione 


Eppstein  et  al.,  J.  Am.  Chem.  Soc.  j6,  317^-9  (195*0. 
C.A.  K%,  9021i  (1955). 

o 


Rx.  162 


CHa 


Rhizopus  arrhizus ; 
Rhizopus  sp. 


c±  -androstene-3,17-<iione 


6^-hydroxy- <£ik-androstene-3,17-dione 


Fried  et  §1,  ,  Recent  Progr .  Hormone  Research        149-81  (1955) 
C.A.  k%,  liHi+lb  (1955). 
Rx.  I63 


CH, 


CH3 


Aspergillus  nigex 


-androstene-3,17-dione 


6p-hydroxy-i^-androstene-3,17-dione 


-  67  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  !£,  8331f  (1952). 


<^k  ~androstene-3,17-dione  lla-hydroxy- A  -androstene-3,17-dione 

(approxo  2  4$) 


Fried  gt  a^.. ,  Recent  Progr .  Hormone  Research  1JL.  149-81  (1955)  • 
C.A.  l£,  Iklklb  (1955). 


^  -androstene-3,17-dione  l6a-hydroxy-^ -androstene-3,17-dione 


Eppstein  alflL.,  J..  Ajj.  Chem.  Soc.  j£,  317^-9  (195*0- 
C.A.         90211  (1955). 


6(3 -hydroxy tes  tos  ter one 


-  68  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  k&,  8331f  (1952) 
Rx.  167  OH 


RhizQWS  nigricans 


testosterone 


lla-hydroxytestosterone 
(10. 7*) 


Eppstein  et  al  ° ,  <£.  Am..  Chem 
C.A.  it2,  90211  (1955). 
Rx.  168  OH 


Soc.  26,  317^-9  (195^) 


HO 


Rhizonus  rei^exus 


testosterone 


lla-hydroxytestosterone 


Meister  gt  §1..  in  Peterson,  Record  Chem.  Progr.  lj_,  211-1+0  (1956). 
C.A.         3635c  (1957). 


Rx.  169 


Fusarium  sp. 


-OH 


testosterone 


15a-hydroxy- -androstene-3 ,17-dione 


-  69  - 


Fried  et  al.,  Recent  Progr.  Hormone  Research  lj.,  Ik9-Q±  (1955)- 
C.A.  1^2,  llHUlb  (1955)- 

rx.  170  OH  OH 


testosterone  l6a-hydroxy testosterone 


Thoma  si  £L* ,  69th  meeting.  N,Y.C.  Branch  of  Soc.  Am.  Bact. ,  New  York 

(1955). 

Rx.  171  OH  OH 


testosterone  l6at-hydroxytestosterone 


Dodson  §t  Am..  Chenu  Soco  12,  3921  (1957). 

£.A.  li,  18113d  (1957). 


/V  -androstene-3P-ol-17-one  la-hydroxy-  A -androstene-3,17-dione 

(dehydroepiandrosterone ) 


-  70  - 


Dodsoiy  et  Am..  Chem.  §22..  29_,  3921  (1957). 

C.A.         18113d  (1957). 


/\  -androstene-3&-ol-17-one  <£±  -androstene-la,33-diol-17-one 


Eppstein  e_t  al . ,  J.  A©.  Chem. 

CoA.         90211  (1955). 
Rx.  174  QH 


Soc_-  2d,  317^-9  (195^) 


?h,X-Cu 


Rhizopus 
nigricans 


17a-methyltestosterone 


6p-hydroxy-17a-me^thyltestosterone 


Eppstein  et  £.  A&.  Chem.  Soc.  26,  317^-9  (195*0 

C.A.         90211  (1955). 
Rx.  175  OH 

^4^CH3  HO 

Rhizopus 


CH3 


17a-methyltestosterone 


lla-hydroxy-17a-methyltestosterone 
0+7.5*) 


-71  - 


Murray  and  Peterson,  y_.&.  2,602,769  (July  8,  1952). 
8331f  (1952). 

Rx.  176 


CHa 


RhiqQPUg  nigricans 


6-dehydroprogesterone 


1 la -hydroxy -6 -dehy d r opr oge sterone 
(approx .  10$) 


Murray  and  Peterson,  H.S„  2,602,769  (July  8,  1952). 
£.4.  i£,  8331f  (1952). 
Rx„  177  £H3 

wl  HO 


a- 


Rhizonus  nigricans 


rC-CHa 


16 -dehydr opr oges terone 


lla-nydroxy-l  7o>proges  terone 


Murray  and  Peterson,  U.S.  2,649,^02  (Aug.  18,  1953). 
C.A.  reference  not  available 


16 -dehydropr oges  te  rone 


-  72  - 

Peterson  et  al.,       Ajn.  Chem.  Soc.  2S>  5768-9  (1953). 

C.A.        366a  (1955). 
Rx.  179  (j:H3 


c=o 


Glioqladium 
catenulatum 


progesterone 


6(3 -hydroxy-  £±  -androstene- 
 3,17-dione  


Fried  et.  §1 . ,  Recent  Progr.  Hormone  Research  H,  1^9-81  (1955). 
C.A.  i£,  UkU+lb  (1955). 

«*•  i8o  (j^Ha  9H3 

>o  c=o 

CH3 


CH3 


CH3 


Stre-ptomvcea 
aureofaciens 


progesterone 


OH 

6p -hydroxyproges terone 


Fried  et  al. ,  J.  Am..  Chem.  Soc.  3962-3  (1952). 
C.A,  kQ,  5874a  (195^ )• 


-  73  - 


Peterson  §£  al..,  i.  Am..  Chem.  Sq&.  Jk,  5933-6  (1952). 


C.A.  ]£l,  kk26±  (1953). 
Rxo  182  "  CH3 


CH3 


Rhiqopus  arrhizus 


CHa 


progesterone 


6(3,  lla-dihydroxyprogesterone 
(5-l5#)  


Peterson  gl  al«,  I.  A©.  Chem.  Soc.         5933-6  (1952) 
C.A.  )£L,  hk26±  (1953). 
Rx.  183  CHs 

c=o 


Rhlzopus  nigricans 


CH3 

c=o 


progesterone 


6p,  lla-dihydroxyprogesterone 


Camerino  et  al.,  Gazz.  chim.  ital.  8^,  301-11  (1954). 
C.A.  l£,  14787b  (1955). 
Rx.  184  (PH3 

OO 

Rhlzopus 
cqmbodjae 


progesterone 


6(3,  lla-dihydroxyprogesterone 
(3056) 


-  7*  - 


Dulaney  et  al.,  Mycologia  kj,  464-74  (1955) 
C,A.  reference  not  available 
Rx.  185  CH3 


c=o 


Aspergillus 
ochraceus 


HO, 


CH3 

oo 


progesterone 


H 

6p,  lla-dihydroxyprogesterone 


Dulaney  et  al » _«  Appl .  Microbiol .  ^,  336-40  (1955). 

C.A.  50,  3555e  (1956). 
Rx.  186 


9H3 

c=o 


Aspergillus 
niger  (45$) 
A.  terreus  (4l#) 


progesterone 


OH 

6(3,  lla-dihydroxyprogesterone 


Camerino  et  al . ,  Gazz.  chim.  ital.  8_3_,  684-92  (1953) 
£.A.  49_,  2468d  (1955)- 
l8?  9H3 

OO 


flue  or  corvmbifer 


progesterone 


6^,  l4(?)-dihydroxyprogesterone 


-  75  - 

Fried  et  al . ,  Recent  Progr .  Hormone  Research  11,  1^9-81  0-955)  • 
C.A.  i2,  Iklklb  (1955). 


progesterone  7-nydroxyprogesterone 


Murray  and  Peterson,  U.£.  2,602,769  (July  8,  1952). 
C.A.  1*6  ,  8331f  (1952). 


progesterone  7 , lla-dihydroxyprogesterone 


Peterson  and  Murray,  J.  Am.  Chem.  Soc  Jh,  I87I-2  (1952). 
C..A.  kl,  64751  (1955)- 


progesterone  lla-hydroxyprogesterone  (10$) 


-  76  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  h6,  8331f  (1952). 


progesterone  lla-hydroxyprogesterone  (80$) 


Mancera  et  al.,  J.  Am.  Chem.  Soc .  Jk,  3711-12  (1952). 
C.A.  kQ,  5870d  (1954). 


progesterone  lla-hydroxyprogesterone  0+5$) 


Fried  et  a^.,  J.  Am..  Chem.  Soc.  lit,  3962-3  (1952). 
C.A   1+8  ,  587^a  (195^)- 


progesterone  lla-hydroxyprogesterone  (35$) 


-  77  - 


Murray  and  Peterson,  U.S.  2,649,402  (Aug.  18,  1953) 
C.A.  reference  not  available 
Rx.  194  CHa 

c=o 

Aspergillus  ventii; 
A.  itaconicus :  other 
Aspergillus  strains 


CH3 

c=o 


progesterone 


lla-hydroxyprogestercne 


Shull  gt  si.,  Can.  507,009  (Nov.  2,  1954).  (See  U.S.  2,721,163  in  C..A.  50, 
C.A.  reference  not  available  2128h). 


Rx.  195 


CH3 

c=o 


Pestalotia  foedans 

(25#) 
P.  royenae 


HO. 


CH3 


progesterone 


1 la -hy d  r oxy pr ogesterone 


Dulaney  et  al.,  AdpI.  Microbiol.  J,  336-40  (1955). 

C.A.  50,  35556  (1956). 
Rx.  196  CHa 


c=o 


Penicillium 
corylophilum; 
£=  lilacinum: 
P.  tardum 


c=o 


progesterone 


lla-hydroxyprogesterone 


-  78  - 


Dulaney  et  a^.,  Appl,  Microbiol.  2,  372-4  (1955; • 
C.A.  50,  274lc  (1956). 


progesterone  lla-hydroxyprogesterone  (3008%) 


Dulaney  et  §1,.,  Mvcologia  hX,  kSk-^k  (1955). 
C.A.  reference  not  available 


progesterone  lla-hydroxyprogesterone  (87$) 


Pfizer  (Chas.)  and  Co.,  Inc.,  Brit.  7^0,858  (Nov.  23,  1955)- 

C.A.  50,  10809d  (1956). 


progesterone  ila-r-ydroxyprogastojopo  (15$) 


-  79  - 

Welsz  et  al.,  Naturwissenschaf ten  43,  39-40  (1956) 
C.A.  ii,  U008d  (1957). 


Rx.  200 


CH3 

c=o 


CH3 


CH3 


an  Aspergillus  strain 


progesterone 


lla-hydroxyprogesterone 


Peterson  et  al.,  J.  Am.  Chem.  Soc.  jh,  5933-6  (1952). 
C.A.  kj,  Kk26l  (1953). 
Rx.  201  CH3 


c=o 


HO. 


9H3 

c=o 


Rhizopus 
nigricans 


CH3 


progesterone 


H 

llcc-hydroxyallopregnane -3  > 
20-dione  (0.5-4. .0$) 


Meister  et  al.,  J.  Am.  Chem.  Soc.  26,  I+O5O-I  (1954). 
C.A.  49_,  9024g  (1955)- 
Rx.  202  <^Hj 


HO, 


Cephalothecium 
roseum 


CH  t 


progesterone 


11a,  l7a-dihydroxyprogesterone 


-  80  - 

Dulaney  et  al.,  Appl.  Microbiol .  372-4  (1955). 
C.A.  50,  2741c  (1956). 


progesterone 


11a,  17<2-dihydroxyprogesterone 

(15.  w 


Weisz  et  al.-,  Naturvissenschaften  43 .  39-40  (1956) 
C.A.  51,  14008d  (1957). 
Rx.  204  PH3 

c=o 


an  Aspergillus  strain 


CH»OH 

c=o 


progesterone 


11-epicorticosterone 
(lla-hydroxycortexone ) 


Shull  and  Kit a,  J.  Am.  Chem.  Soc.  XL,  763-4  (1955) 
C.A.  42,  5583g  (1955)- 
Rx.  205  CH3 

c=o 


Curvularia 
lunata 


9H3 


progesterone 


HP  -hy  d  roxypr oge  s  t  or  on  e 


-  81  - 

Rubin  fit. al-,  Bact.  Proc. .  33  (1956). 


Fried  et  al.,  Recent  Progr.  Hormone  Research  11,  1^9-81  (1955). 
C.A.         lUl^lb  (1955). 


progesterone  15a-hydroxyprogesterone 


Osborn  fit  fii-,  in  Peterson,  Record  Chem.  Progr.  11,  211-40  (1956). 
C.A.  51,  3635c  (1957). 
Rx.  208                               CH3  CH3 

c=o  c=o 


Penicillium 
urticae 


progesterone 


1 50:  -hy  d  r  ox  y  pr  oge  s  t  e  r  one 


-  82  - 


Kluger  et  §1. ,  Naturvissenschaften  kl±,  kO  (1957) 
C.A.  reference  not  available 
Rx.  209  CH3 


c=o 


CH3 


Fusarium  lvcopersici: 
F .  solani;  F .  culmorum 


CH» 


CH3 

c=o 


-OH 


progesterone 


15a-hydr oxypr oge s t er one 


Fried  et  al.,  Recent  Progr .  Hormone  Research  H,  149-81  (1955). 
C.A.  k%,  (1955). 
Rx.  210                          CH3  CHa 

c=o  C=0 


fhycomyces 
blakesleeanus 


progesterone 


15f3 -hydro  xyprogester  one 


Dulaney  et  al . ,  Appl.  Microbiol.  1,  ^6-h0  (1955)- 

C.A.  50,  35556  (1956). 

Rx.  211  CH3 

1 

c=o 


Penicillium  sp 


progesterone 


possibly  15-hydroxyprogesterone 


-  83  - 


Perlman  et  a^.,  J.  Am..  Chem.  Soc.  Jk,  2126  (1952) 
C.A.  if8,  2737i  (195*0. 


Rx.  212 


CH3 
CO 


an  unidentified 
actinomycete 


-OH 


progesterone 


l6a-hydroxyprogesterone 


Perlman  §t  al. ,  £.  Bacteriol.         3^7-52  (1955). 
C.A.  itS,  838lg  (1955). 
Rx.  213  £HS 


A  new  Streptomycete 
from  soil 


CM, 

c=o 


-OH 


progesterone 


l6cc-hyd  roxypr  oges  terone 


Murray  and  Peterson,  Can.  506,689  (Oct.  19,  195*+)      (See  U.S.  2,703,326 
C..A.  reference  not  available  <Mar-  1'  in  ^  1957b.) 

Rx.  21i+  ^|_^ 


Rhizopus  arrhizus 


33 -hyd  r oxy -pre  gne ne -2  0 -one 
(pregnenolone ) 


£3?  -pre  gnene -^lla-diol^^O-dionfi 
(17.5/0 


-  81+  - 


Murray  and  Peterson,  Can.  506,689  (Oct.  19,  I9$k) .  (See  U.S.  2,702,809 
C.A.  reference  not  available  <Feb'  22>  19^'>  50,  2690i.) 


Rx.  215 


CH3 

c=o 


Rhizopus  arrhizus 


CH3 

c=o 


3P -hydroxy -pregnene-20-one 


HO' 

3P , 7, lla-trihydroxy-      -pregnene ■ 
20-one  (17$) 


Murray  and  Peterson,  y_.S.  2,602,769  (July  8,  1952) 
C.A.  46  ,  8331**  (1952). 
Rx.  216  CHa 

6=0 


CH3 


Rhizopus 
nigricans 


CH3 


CH3 

c=o 


pre gnane  -3,20 -d ione 


11a -hydroxy pre  gnane -3,20 -d  ione 
(IK*) 


Murray  and  Peterson,  U.S.  2,6^9,402  (Aug.  18,  1953). 
C.A.  reference  not  available 


pre  gnane  -3 , 2  0  -d  i one  1  la -hy d r  oxypre  gnane  -3 , 2  0 -d  i one 


-  85  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  k&,  8331f  (1952). 
Rx.  218  (^Ha 

c=o 

«*JL  HO. 


Rhlzopus 
nigricans 


9H, 
c=o 


allopregnane -3 , 2  0 -d  ione 


1 la-hydr oxy al lopregnane -3 , 2  0 -d  iorie 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952).  (See  Peterson,  Record 
£.A.  tf,  85Jlf  (1952)7  "  CJm-  U'  &lk  (l956)-) 


Rx.  219 


CH3 
C=0 


HO- 

allopregnane -3£ -ol-2  0-one 


Rhizppus 
arrhizus 


3(3 , 7-dihydroxyallopregnane  -20-one 
(-5-216) 


Murray  and  Peterson,  U.S..  2,602,769  (July  8,  1952) 
C.A.  i±£,  8331f  (1952). 
Rx.  220  CH3 

c=o 


Rhizonus 
Rigric^s 


HO' 

allopregnane  -3f3  -ol  -20-one 


H 


3P , lla-dihydroxyallopregnane-20-one 


(25 


-   86  - 


Ercoli  et  al.,  Gazz,  chim.  ital.  8^,  628-38  (1955). 
C.A.  50,  5001b  (1956). 
Rx.  221  CH3 

j>Jkr--0  HO, 


CH3 


Rhizopus 
nigriqans 


16a,  17o:-oxidoprogesterone 


lla-hydroxy-l6a,  17a-oxido- 
progesterone  (80$) 


Fried  et  al.,  Recent  Progr 
C.A.  42,  1411+lb  (1955). 


Hormone  Research  11,  11+9-81  (1955). 


Rx.  222 


CH3 

c=o 


CH3 

c=o 


CH3 


-OH 


Aspergillus 
nidulans 


-OH 


l6a-hydroxyprogesterone 


OH 

6p , loa-dihydroxyprogesterone 


Fried  et  al.,  Recent  Progr ,  Hormone  Research  11.  149-81  (1955) 
C.A.         1414 lb  (1955). 


Rx.  223 


CHa 

c=o 


-OH 


HO> 


9H3 

c=o 


Aspergillus 
nidulans 


-OH 


lfSat-hydroxyprogesterone 


11a, l6a-dihydroxyprogesterone 


-  87  - 

Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  k&,  8331f  (1952). 
Rx.  224  CHa 

6O 


Rhlzopus 
nigricans 


1 705-hydr  oxy  pr  oge  s  t  e  r  one 


OH 

6, 170£-dihydroxyprogesterone 
 (approx.  1%)  


Meister  gt  aJL- ,  J-  Aft.  Chejn,  Soco  25,  4l6-l8  (1953) 
C.A.  U8,  2753d  (1951*)- 

Rx.  225  CH3 

CO 


Rhizopus 
arrhizus 


1 7oc-hydr  oxyproge  s  terone 


6p ,  17d£-dihydroxyprogesterone 

 Csfi  


Murray  and  Peterson,  U.S..  2,602,769  (July  8,  1952) 
C.A.  lfc£,  8331f  (1952). 


Rx.  226 


nigricans 


17oc-hydroxyprogesterone 


11a,  17os-dihydroxyprogesterone 
(l7#) 


-  88  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
£.A.  k6,  8331f  (1952). 
Rx.  227  CH3 


Rhizopus 
arrhizus 


-OH 


1 70!-hydr  oxyproge  s  t  e  rone 


11a, 17a-dihydroxyprogesterone 
(approx.  2$) 


Fried  et  a^L.,  J.  Am.  Chem.  Soc.  "]k,  3962-3  (1952). 
C.A.         587^8  (1954). 
Rx.  228  £H3 

CHa  k-OH  HO 

Aspergillus 
aiger 


1 70!  -hy  d  r  oxypr  oge  s  t  e  r  one 


lla, 17a-dihydroxyprogesterone 
(15*) 


Dulaney  et  §1.,  Appl.  Microbiol.  1,  372-4  (1955)- 
C.A.  5Q_,  27^1c  (1956). 
Rx.  229 


Dactvlium 
dendroides 


17a-hydroxyprogesterone 


lla, 17a-dihydroxyprogesterone 
(27*) 


-  89  - 

ShuTl  and  Kita,  £.  As-  Chem.  Soc.  H,  763-4  (1955). 
£.A.  l£,  5583g  (1955). 
Rx.  230  CH3 

:=o 

L-OH  HQ 

Curvularia 
lunata 


IToi-hydroxyprogesterone 


lip,  170!-dihydroxyprogesterone 
(approx.  30$) 


Shull  2k Ii-S.-  2,702,812  (Feb.  22,  1955). 
£-4-  5Q,  2^89i  (1956). 
Rx.  231  CH3 

cOH 

Curvularia 
lunata 


1 705-hydroxyproges  terone 


lip ,  Ito,  1705-tr  ihydr  oxyproges  terona 


Fried  si;  si,.,  £.  Affi.  Chem.  §0^.         3962-3  (1952). 
C.A.  1^8,  5874a  (1954). 
Rx.  232  v^3 

f^rOH  HOv 

Aspergillus 
nlger 


I70f-hydroxyprogesterone 


17a -methyl -D -homo -  -androstene- 
11a,  17a-diol-3, 17-dione  (25$) 


-  90  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952).  (See  U.S.  2,703,327 
£.4.  46,  8j3lf  (1952).  "  (^.._l,.1955fror  higher 


Rx.  233 


CjTHaOH 

c=o 


CH3 


Rhizopus 
arrhizus 


yield  with  this  organism.) 

CH2OH 

c=o 

9^ 


11-desoxycorticosterone 
(cortexone ) 


6-hydroxy-ll-desoxycorticosterone 
 (approx.  0.7$)  


Haines  and  Colingsworth,  U.S.  2,6^9,^01  (Aug.  18,  1953) 
C.A.  reference  not  available 

Rx.  23J+  OUOH 

c=o 


ChUOH 

c=o 


Streptomyces 
fradiae 


CH3 


11-desoxycorticosterone 


6 -hydroxy 


-11-cQso 


oxycorticosterone 


Meystre  et  al.,  Helv.  Chim.  Acta  38,  381-93  (1955) 
C.A.  50,  12090i  (1956). 

Rx.  235  CHzOH 

c=o 


9H3 


CKtOH 

c=o 


Lenzites 
abietina 


11-desoxycorticosterone 


OH 

63-hydroxy-ll-desoxycoi ticosterone 


-  91  - 


Msister"  et  al.  £„  A&. 
C.A.  ifc2,  9024g  (1955) • 


Chem.  Soc.  j[6}  kO^O-l  (195*0 


CH&OH 

c=o 


Cephalothec  ium 
roseum 


^HzOH 

c=o 


11-desoxycorticosterone 
(cortexone ) 


6^,lja,21 -t r  ihydr oxy -  &r  -pre  gnene  ■ 
 3,20-dione 


Meystre  et  al»,  Helv°  Chim.  Acta  38,  381-93  (1955) 
C.Ao  50,  120901  (1956). 


Rx.  237 


CHzOH 


Peziza  sp. 
Curvularia  fallax: 
G„  pallescens s 
other  Curvularia  sp. 


CH3 


"  !HlaOH 


11-desoxycorticosterone 


7a-hydroxy-ll-desQxycorticosterone 
(50-60$) 


Fried  et  a^.,  I-  k«  Chem.  Soc.  3k,  3962-3  (1952) 

C„A.  k6,  5874a  (1954)o 
Rx.  238  ^HzOH 

c=o 


Aspergillus 
niger 


CHtOH 


11-desoxycorticosterone 


^  -pre gnene -11a , 2 1 -d i ol -3 , 2 0 -d ione 
(epicorticosterone)  (67$) 


-  92  - 

Eppstein  et  al.,  J.  Am.  Chem.  Soc.  75.  1+08-12  (1953). 
C.A.  1+8,  2751i  (1951+). 

rx.  239  cj:h*oh 


c=o 


CH*OH 

c=o 


Rhizopus  nigricans 


11-desoxycorticosterone 


^  -pregnene-lla,21-diol-3,20-dione 

(50-60^) 
 (epicorticosterone ) 


Dulaney  et  al.,  Mvcologia  1+2,  h6k-7k  (1955) 
C.A.  reference  not  available 

Rx.  21+0  ChLOH 

c=o 


CH3 


Aspergillus 
ochraceus 


CH^OH 
C=0 


11-desoxycorticosterone 


^V-pregnene  -lla,21-diol-3,20- 
dione  (75$) 


Dulaney  et  al.,  April.  Microbiol.  I,  372-1+  (1955). 
C.A.  50,  27^1c  (1956). 
Rx.  21+1  CH2OH 

c=o 


Dactylium 
dendroides 


ChUOH 


11-desoxycorticosterone 


A  -pregnene -11a, 21 -diol-3 ,20- 
dione 


-  93  - 


Meister  -et  al.,  J.  Am-  Chem.  Soc.  j6,  4050-1  (1954). 
C.A.  K2,  902i+g  (1955)- 
Rx.  242  (^HaOH 

c=o 

CHal  HO, 


Cephalothecium 
roseum 


CHzOH 
i 

c=o 


ll-desoxycorticosterone 
(cortexone) 


lla,17a,21-trihydroxy-A  -preg- 
nene -3 , 2 0-d ione 


Colingsworth  et  al.,  J.  Am..  Chem.  Soc.  2381-2  (1952). 
C.A,  48,  275ld  (1954). 


Rx.  243 


CHzOH 

c=o 


Streptomyces 
fradiae 


CH^OH 


ll-desoxycorticosterone 


corticosterone 
(approx.  6$) 


Haines  and  Colingsworth,  U.S.  2,649,401  (Aug.  18,  1953) 
C.A.  reference  not  available 
Rx.  244  CHfcOH 


CHa 


Saccharomvces  pas tori anus : 
Aspergillus  f umigatus ; 
Penicillium  chrysogenum: 
Streptomyces  sp~ 


CHaOH 

c=o 


ll-desoxycorticosterone 


corticosterone 
(1. 5-2.0$) 


-  9h  - 

Shull  et  al.;  H^S.  2,658,023  (Nov.  3,  1953). 
C.A.  k8,  2332h  (195^). 


Rx.  2^5 


CH^OH 

c=o 


CHj 


Curvularia 
lunata 


CH^OH 

c=o 


HO, 


ll-desoxycorticosterone 


corticosterone  (28$) 


Maim  et  &1.,  Federation  Proc.  Ik,  251  (1955). 


Rx.  246 


CH*OH 


Cunninghamella 
blakesleeana 


ll-desoxycorticosterone 


corticosterone 


Olin  Mathieson  Chemical  Corp.,  Brit.  -Jh9,hl^  (May  23,  1956). 
C.A.  51,  1320i  (1957). 

Rx.  247  CH^OH 

9H3 1 


CH3 


Coniothyrium  helleborine; 
Colle totri  chum  pisi; 

Co  phomoides ; 
Trichothecium  roseum 


CHzOH 

c=o 


ll-desoxycorticosterone 


corticosterone 


-  95  - 


Meystre  et  ^1 . ,  Helv.  Chim.  Acta  381-95  (1955).  (See  D.  H.  Peterson, 
„  *      on  ™  /no    \  Record  Sbgffl.  EE2£-  II,  P-  217  (1956)  for 

C.A.  50,  120901  (1956).  correct  configuration  at  C15.) 

Rx.  248  ChUOH  ChUOH 


c=o 


Gibberella  baccata; 
Gibberella  sp. 


c=o 


11-desoxycorticosterone 
(cortexone) 


l5a-hydroxy-ll-desoxycortico- 
sterone  (20-60$) 


Meystre  et  al.,  Helv.  Chim.  Acta  ^8.  381-93  (1955).  (See  D.  H.  Peterson, 
r  a        iPOQM  ho^)  Rassrd  Chea.  Prog,  u,  p.  217  (1956)  for 

C.A„  50,  120901  C1956).  correct  configuration  at  C15.) 

249  CHUOH  cm 

c=o 


Lenzites  abietina; 
Lenzites  sp. 


11-desoxycorticosterone 


153 -hydroxy -11-desoxycortico- 
sterone (19?&) 


Vischer  et  a^. ,  Helv.  Chim.  Acta  YL,  321-6  (195*0 
C.A.         2471h  (1955). 

Rx.  250  CH*OH 

6=0 


a  Strentomvces 
culture 


CHaOH 

6=0 


OH 


l6a-hydroxy-ll-desoxycortico- 
sterone  (15$) 


-  96  - 

Thoma  et  al.,  in  Fried  at  al.,  Recent  Progr.  Hormone  Research  11.  Ik9-Ql, 
C.A.  k%,  l^llilb  (1955;. 


Rx.  251 


c=o 


CH3 


Streptomvces 
roseochromogenus 


CHzOH 


-OH 


ll-desoxycorticosterone 


l6a-hydroxy-ll-desoxycortico- 
sterone 


Vischer  et  al.,  in  Wettstein,  Exnerientia  11,  465-79  (1955)- 
C.A.  50,  657H  (1956). 

Rx.  252  CH*OH  CI-UOH 


Didymella  vodakii 


9H3 


c=o 


-OH 


ll-desoxycorticosterone 


l6a-hydroxy-ll-desoxycortico- 
sterone 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  46,  8331f  (1952). 
Rx.  253  CH3 

HC-CHO 

HO. 


CH3 
HC-CHaPH 


Rhizopus  nigricans 


CH3 


3-ketobisnor-^  -cholen-22-al 


3-ketobisnor-^  -cholen- 
lla,22-diol 


-  97  - 

Meister  et  al . ,  J.  Am.  Chem.  Soc.  J6,  5679-82  (195k). 
C.A.  49_,  9024b  (1955). 
Rx.  254 

HC-CHO 


Rhizopus  arrhizus  (30$) 
R.  nigricans  (2$) 


CHa 

HC-CH&OH 


3-xetobisnor-^  -cholen-22-al 


OH 


6$  ,11a,  22-trihydroxybisnor-^H 
 cholen-3-one 


Kahnt  et  al.,  Experientia  8,  422-4  (1952). 
£.A.  41,  3395c  (1953). 
Rx.  255  CHaOH 

c=o 


Rhizopus  sp. 


H^OH 


HO'    -  ^ 

allopregnane-3P,21-diol-20-one 


allopregnane-3P,7P,21-triol- 
20- one 


Meister  et  al. ,  J.  Am.  Chem.  Soc.  76,  5679-82  (1954). 

C.A.  42,  9024b  (1955). 
Rx.  256  CH3 

HC-CHaOH 

HO 


HQ 


Cunninghamella 
blakesleeana 


9Hi 

HC  -  ChfeOH 


CH3 


3-ketobisnor-/\  -cholen- 
lla,22-diol 


3-ketobisnor-/^-Gholen-6p,lla,22- 
triol  (approx.  3°  5$) 


-  98  - 

Bloom  etal.,  in  Shull,  Trans.  N.Y.  Acad.  Sci.  19,  1^7-72  (1956). 

Q..A   SL  kh95c  (1957). 
Rx.  257  CHaOH  9H*OH 


CH*OH 

c=o 


Curvularia 
lunata 


* Il+  -pre  gnad  iene  -17a,  21- 
diol-3,20-dione 


11B , 17a, 21-trihydroxy-l4a, l5a-epoxido- 
&  ^ -pre  gnene -3 , 2 0 -d  i one 


Greenspan  gt  Am,.  Chem.  Soc.  Z9_,  3922-3  (1957) 

C  A.  21,  18114a  (1957). 

Rx.  258  £hfeOH 

c=o 


Rhizoctonia 
ferrugena 


17a-hy droxy -11 - des  oxyc  ort  ic  os  ter one 


l£,17a,21-trihydroxy-^  -ptegnene- 
3,20-dione  (5,2$) 


Herzog  et  §1. ,  J.  Am,.  Chem.  Soc.  22,  3921-2  (1957) 


C.A.  51,  18113h  (1957). 

Rx.  259 

CHzOH 


Streptomvces  sp 
from  soil 


17a-hydroxy-ll-desoxycorticosterone 


2£,17a,21-trihydroxy-^.  -preg- 
nene -3,20-dione  (5.656) 


-  99  - 

Greenspan  §t  al.,  £.  £&.  Chem.  Soc.  22,  3922-3  (1957). 
C.A.  21,  18114a  (1957). 

**.  260  CH*OH 

C=o 

Rhizoctcmia 
ferru,gena 


1705-hydroxy-ll-desoxycorticosterone 


2p,17a,21-trihydroxy-^  -preg- 
nene-3,20-dione  (3-2$) 


Murray  and  Peterson,  U.S..  2,602,769  (July  8,  1952). 
Co A.  k6,  8331f  (1952). 
Rx.  261  CHaOH 

c=o 

Helipostvlum 
niriforme 


17d!-hydroxy-ll  -des  oxycort  icos  terone 


6 , 1 7<2-d  ihydr oxy  -1 1  -de  s  oxy  - 
corticosterone  


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C..A.        8531f  (1952). 


17a-hydroxy-ll-desoxycorticosterone  6p,17Cf-dlhydroxy-ll-desoxycortlco- 

sterone  (approx.  20$) 


-  100  - 

Peterson  et  al.,  £.  Am.  Chem.  Soc.  I5j  ^12-15  (1953). 
C.A.  k8,  2T52f  (1954). 
Rx.  263  CHaOH 

>H 

Rhizopus  nigricans  1 
R.  arrhizus 


17a-hydroxy-ll-desoxycorticosterone 


OH 

6f3 ,  17<z-dihydroxy-ll-desoxy  - 
corticosterone 


Murray  and  Peterson,  12.. S.  2,602,769  (July  8,  1952). 
C.A.  k6,  8331f  (1952). 
Rx.  26U  CHzOH 

c=o 

OH  HO 

Rhizonus 
nigricans 


173-hydroxy-ll-desoxycorticosterone 


lla,17a,21-trihydroxy- A  -pregnene- 
3,20-dione  (approx,  6$) 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  k6,  8331f  (1952). 

Rx.  265  CHzOH 

6=0 

ch,JL_oh  HO. 

Helicostylum 
piriforme 


9HUOH 
C=0 


17a-hydroxy-ll-desoxycorticosterone  lla,17a,21-trihydroxy-A  -pregnene - 

3,20-dione 


-  101  - 

Fried  _§t.  al. ,  J.  Am-  Chem.  Soc.  Jk,  3962-3  (1952). 
C.A.         587^  (195*0. 


17Q!-hydroxy-ll-desoxycorticosterone  11a,  17a,21-trihydroxy-£^  -preg- 

nene-3,20-dione  (25?) 


Fried  et  al..  Recent  Progr .  Hormone  Research  11.  149-81  (1955). 
C.A.         14141b  (1955). 
Rx.  267  9H*OH 

Aspergillus 
nidtilans 


17<3-hydroxy-ll-desoxycorticosterone  lla,17o:,21-trihydroxy-£k.  -preg- 
 nene-3,20-dione - (70$) 

Dulaney  et  al.,  Appl.  Microbiol.  %  372-4  (1955). 
C.A.  50,  27l|lc  (1956). 
Rx.  268  CHaOH  CHzOH 


17Q!-hydroxy-ll-desoxycorticosterone 


lla,17a,21-trihydroxy-£i > -preg- 
nene-J^O-dione  (l6$) 


-  102  - 

Dulaney  et  al.,  Mycologia  V£,  ^k-Jk  (1955). 
C.A.  reference  not  available 
Rx.  269  ^hU.OH 


CH3 


HO. 


Aspergillus 
ochraceus 


CH, 


9HUOH 
CH3^-OH 


170-nydroxy-ii-desoxycorticosterone 


11a,  17a,21  -trihydroxy-^  -pregnene- 
3,20-dione  (50$) 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952) 
C.A.  k6,  8331f  (1952). 
Rx.  270  CHaOH 

c=o 


Rhizopus  nigricans 


17Q!-hydroxy-ll-desoxycorticosterone 


lla, 17a-21-trihydroxyallopreg- 
 nane-3,20-dione  (8.2#>) 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  46,  8331f  (1952). 

Rx.  271  CI-UOH 

c=o 

CHaJ— OH  H( 


CHzOH 


CH3 


Cunninghamella 
blakesleeana 


17ot-hydroxy-ll-desoxycorticosterone 


hydrocortisone  (19$) 
(l7a-hydroxycorticosterone ) 


-  103  - 

Colingsworth  et  al . ,  J.  Am-  Chem.  Soc.         2381-2  (1952). 
C.A.  hQ,  275ld  (195*0- 

rx.  272  CH*OH  ChUOH 

c=o  c=o 

Streptomyces 


fradiae 


17<2-hydroxy-ll-desoxycorticosterone 


hydrocortisone 
(approx.  6$) 


Shull  et  al.,  U.S.  2,658,023  (Nov.  3,  1953) 
C.A.  ifc8,  2332h  (1954). 


Rx.  273 


HO, 


Curvularia  lunata  (35$) 
C ,  pallesceng 


CH^OH 


170!-hydroxy-ll-desoxycorticosterone 


hydrocortisone 


Fried  et  al.,  Recent  Progr.  Hormone  Research  11.  149-81  (1955). 
C.A.  l+9_,  Ihlklh  (1955). 

Rx.  271*  CHaOH  CH2OH 


17oJ-hydroxy-ll-desoxycorticosterone  hydrocortisone 


-  104  - 


Kita  and  Shull,  in  Shull,  Trans .  N.Y.  Acad.  Sci.  12,  147-72  (1956). 
£.A.  51,  ^-95c  (1957). 
Hx.  275  ChUOH  CHUOH 


17a-hydroxy-ll-desoxycorticosterone 


hydrocortisone 
(l7a-hydroxycorticosterone ) 


Davisson  et  al.,  in  Shull,  Trans .  N.Y.  Acad.  Sci.  12,  147-72  (1956). 
C.A.  51,  4495c  (1957). 
Rx.  276  ChUOH  CpHeOH 

c=o 


Pycnosporium  sp. 


172-hydroxy-ll-desoxycorticosterone 


hydrocortisone 


Kita,  in  Shull,  Trans .  N.Y.  Acad.  Sci.  12,  147-72  (1956) 
C.A.  51,  4495c.  (1957). 
Rx.  277  ChUOH 

c=o 

HO. 


CHzOH 
1 

c=o 


Rhodoseptoria  sp. 


17a -hydroxy -11-desoxycorticosterone 


hydrocortisone 


-  105  - 

Olin  Mathieson  Chemical  Corp.,  Brit.  7^9,^1^  (May  23,  1956). 
A.  51,  1520i  (1957). 

rx.  278  CH2OH  CHdDH 

c=o  c=o 

9H3JL  DM  HD  ChM^—OM 


CHS 


Trichothecium  roseum; 
Colletotrichum  phomoides ; 
C.  pisi :  Coniothyrium 

helleborine  Q~ 


1 Ta-hydroxy-11 -des oxy cort icos terone 


hydrocortisone 
(l7Q!-hydroxycorticosterone ) 


Shull  et  al.;  U.S.  2,765,258  (Oct.  2,  1956) 
C.A.  51,  39^0c  (1957) 


Rx.  279 


CHaOH 


ChfeOH 


Cephalothecium  roseum; 
Curvularia  f alcata 


170t-hydroxy-ll-desoxyeorticos  terone 


hydrocortisone 


Agnello  et  al. ,  £.  Am.  Chem.  Soc.  XL,  ^68^-5  (1955). 
C.A.  50,  6^91i  (1956). 
Rx.  280  <^HZOH 

c=o 


Curvularia  lunata 


9HzOH 


OH 


17<2-hydroxy-ll-desoxycorticosterone 


lto-hyd r oxyhyd  ro  c  or t  i  sone 
ilka,  172-dihydroxycorticosterone ) 


-  106  - 


Bernstein  et  a^. .  Chemistry  &  Industry.  111-12  (1956)0 

C.A.  50,  13978h  (1956). 
Rx.  281  ChkOH 

c=o 


CH3 


Hormodendrum 
viride 


CHUOH 

c=o 


1  Ja-hy  d  r  oxy -1 1  -d  e  s  oxy  c  or  t  i  c  o  s  t  er  one 


l5a,17a,21-trihydroxy-A 
pre  gnene  -3 ,  2  0  -d  i  one 


Bernstein  et  al . ,  Chemistry  &  Industry.  111-12  (1956) 
C.A.  50,  13978h  (1956). 


Rxo  282 


CHzOH 


Spicaria  sp. 


17a-hydroxy-ll-desoxycorticosterone 


15P,17a,21-trihydroxy-^- 
 pre gnene ,20-dione 


Bloom  et  al.,  in  Shull,  Trans .  N.Y.  Acad.  Sol.  12,  H+7-72  (1956). 
C.A.  51,  kk95c  (1957). 

Rx.  283  CH&OH  CHaOH 


Curvularia  lunata 


lha,  l5a-epoxido-17cr,  21  -d  ihydroxy- 
*  -pre  gnene  -3 , 2  0-d  ione 


Ikcc,  l^a-epoxidohydrocortisone 


-  107  - 

Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952) 
C.A.  46,  8331f  (1952). 

Rx.  284  ChUO-C-CH3 


I  M 

c=o  O 


Rhizopus 
nigricans 


HO. 


CHzOH 

1 

oo 


CH3 


11-desoxycorticosterone  acetate 


lla,21-dihydroxy-£k  -pregnene- 
3,20-dione 


Murray  and  Peterson,  U.S.  2,649,402  (Aug*  18,  1953) 
C.A„  reference  not  available 

»*•  285  CH*0-C-CH3 

c=o  o 


CH^OH 
1 


Aspergillus  nidulans 
(15.556);  A.  f is cher i: 
A.  clavatus:  A.  ustus 


11-desoxycorticosterone  acetate 


11a ,  2 1  -d  ihydr  oxy-££  -pregnene  ■ 
3,20-dione 


Kramli  and  Horvath,  Nature  162,  619  (1948). 
£.A,  i£3_,  4333f  (1949). 
Rx.  286  CH3  CH3 

HC-(CHj3-CH-CH3 


Proactinomyces 
roseu.s 


9H3  CH3 

HC-(CH^)rCH-CH3 
ch3  1 


cholesterol 


7-hydroxycholesterol 


-  109  - 


I.  Oxidation 


c.  -CHO 


■COOH 


Supniewski,  Compt .  rend,  soc.  biol.  82,  1377-9  (1923) 

C.A.  18,  36185  (1924). 
Rx.  287 


CH3-CHO 


Pseudomonas  aeruginosa 
(Bacillus  pyocyaneus ) 


C  H,- CO  OH 


ace t aldehyde 


acetic  acid 


Voisenet,  Compt .  rend.  151.  518-20  (1910) 
C.A.  k,  3117^  (1910). 
Rx.  288 

wine  yeast 

CH^CH-CHO  —  


CH,=  CH-COOH 


acrolein 


ch3-c;-cho 

O 

methylglyoxal 
(pyruvic  aldehyde) 


Acetobacter  suboxydans 


acrylic  acid 


Simon,  Biochem.  Z.  2£lt,  253-91  (1930). 
C.A.  21,  53299  (1930). 
Rx.  289 


ch3-ch-cooh 
6h 

lactic  acid  (68%) 


-  110  - 


Neuberg  and  Ringer,  Biochem.  Z.  13I-6  (1918) 
£.A.  22,  2046^  (1919). 


Rx,  290 


COOH  COOH 

CH*.  yQast  CHz. 
£h*.  CH*. 
CHO  COOH 


(3-formylpropionic  acid  succinic  acid  (8-24$) 


Bertrand,  Compt .  rend.  127.  728-30  (1898). 
Brit.  C.A.  76.  /±±/,  170  (1899). 
Rx.  291 

CHO  COOH 

HO~CH  Acetobacter  xvlinum         HO- dH 

HC-OH   H^-OH 

HC-OH  HC-OH 

CH*OH  CH*OH 

arabinose  arabonic  acid  (13-3$) 


Hermann  and  Neuschul,  Biochem.  Z.  223,,  129-216  (1931 )• 
C.A.  2$,  3684  (1951)- 
Rx.  292 

CHO                              ,  COOH 

._.  _     '                 Acetobacter  acetosum  (70%;;  i_JO_Au 

H(J~yn          other  Acetobacter  sp.  (3^-53$)  V 

HC-OH   .  HC-OH 

HC-OH  HC-OH 

CHaOH  CH*,OH 


D-arabinose 


D-arabonic  acid 


-  Ill  - 


Lockwood  and  Nelson,  J.  Bacteriol.         58I-6  (1946). 

C.A.  Jtl,  789g  (191+7). 
Rx.  293 

CHO  Pseudomonaq  fragis  COOH 

LJr\-ru  £•  graveolens;  £.  syn-  uO-PU 

n^   Tn  xantha:  £.  vendrelli  n^  Vn 

HC-OH  —   HC-OH 

HC-OH  HC-OH 
CH*OH  CH*OH 


D-arabinose  D-arabonic  acid  (15-25$) 


Lockwood  and  Nelson,  J,.  Bacteriol.  52.  581-6  (1946). 
C.A.  kX,  789g  (1947). 
Rx.  294 


CHO 
HC-OH 
HO-CH 
HO-CH 

£h*,OH 


Pseudopionas  sp. 


COOH 
HC-OH 

ho-6h 

HO-CH 
CH2OH 


L-arabinose 


L-arabonic  acid 
(17.5-W) 


Bernhauer  and  Riedl-Tumova',  Biochem.  Z.  521.  26-30  (1950). 
C.A.         709d  (1951). 

Rx.  295  Acetobacter  melanogenum; 

CHO  — °  suboxydans  muciparum  (believed  COOH 

1               to  be  physiologically  identical  1 

HC— OH               to  A.  suboxydans  . )  HC" OH 

HO-CH  


HO-CH 
CH*OH 


HO-CH 
HO-CH 


CH*OH 


L-arabinose 


L-arabonic  acid 


-  112  - 


Masua  and  Nozaki,  Ann.  Rept .  Shionpgi  Research  fob.  No.  6,  110-14  (1956) 
£.A.  51,  5i92f  (1957). 
Rx.  296 

9H0  900H 

HC~OH  Aeropqcter  aerogenes  H£-OH 

HO9H   HO-^H 

HO-CH  HOCH 
CH*OH  CKU.OH 

L-arabinose  L-arabonic  acid 


Lockwood  and  Nelson,  Bacteriol.  52.  58I-6  (1946). 
C.A.  1+1,  789g  (1947). 


Rx.  297 


9  HO 

H£-OH 

HC-OH 

h<;-oh 

CHtOH 


PseudQfflOHQs  vendrelll  (77$); 
other  Pseudomonas  sp.  ( 15-70$) 


COOH 
HC-OH 
h£-OH 
HC^-OH 

CHtOH 


D-ribose 


D-ribonic  acid 


Bertrand,  Compt.  rend.  127.  124-7  (l898). 
Brit.  C.A.        5-1/ ,  hk  (1899). 
Rx.  298 

9 HO  COOH 

H9-OH  Acetobacter  xvlinum  H^OH 

HO-CH   -  HO-CH 

HC-OH  HC-OH 

CHtOH  CH»OH 


xylose 


xylonic  acid  (10$) 


-  113  - 


Angeletti  and  Cerutti,  Ann,  chim.  applicata  21.  491-6  (1931 ) 
C.A.  26,  1637  (1932). 
Rx.  299 


HC-OH 


HC-OH 


CHO  COOH 

l_jA_./-\|i    Penicillium  luteum-purpurogenum 
V   Uh  "Nomen  dubium" 

HO-CH  HO-CH 

HC-OH 
6h,„OH 


xylose 


xylonic  acid 


Hayasida,  Biochem.  Z.  298.  169-78  (1938). 
C.A.  31,  199h  (1939). 
Rx.  300 

CHO 

HC  OH  Fusarium  sp. 

HO-CH 
H^-OH 

CHaOH 


COOH 
HC-OH 
HO-iH 
HC-OH 

CHaOH 


D-xylose 


D-xylonic  acid  (39$) 


Lockwood  and  Nelson,  J.  Bacteriol.  52,  58I-6  (19^-6). 
C.A.  kl,  789g  (19^7). 

Rx.  301 

CHO 

HC~" OH   Fseudomonas  mildenbergii  (72$) 

HO-CH 
HC-OH 
CHzOH 


other  Pseud omonas  sp.  (28-68$) 


COOH 
HC-OH 
HO-CH 
HC-OH 

£h*OH 


D-xylose 


D-xylonic  acid 


-  114  - 


Bernhauer  and  Riedl-Tumova,  Biochem.  Z.  521.  26-30  (1950 ) . 
C.A.  ^  T09d  (1951). 

Acetobacter  melanogenum; 
502  ^£  suboxvdans  masajgaraa 

^|_|Q  (A.  suboxydans  var.  muciparum.  be-  COOH 
p  ■  nu  lievad  to  be  physiologically  iden-  ^  '  _  _  ^ 
ML,   \JM  tical  to  A.  suboxydans . )  HC  CJM 

HO-CH   HO-CH 

Hi-OH  HC-OH 
CHaPH  CHaOH 


D-xylose  D-xylonic  acid 

Masuo  and  Nozaki,  Ann.  Rept .  Shionogi  Research  Lab    No.  6,  110-14  (19^6) 
C.A.  51,  5192f  (1957). 
Rx.  303 

CHO  COOH 

1  1 

HC_ OH  Aerobacter  aerogenes  HC" OH 

HO-CH   HO-CH 

HC-OH  HC-OH 

CHaOH  CH«.OH 

D-xylose  D-xylonic  acid 


Angeletti  and  Cerruti,  Ann.,  chim.  applicata  20,  1+24-33  (1930). 
C.A. 
Rx.  304 


C.A.  25,  5338  (1931). 


CHO  COOH 

1  1 

HO" (^H  Penicillium  luteum-purnurogenuzn  HO" CH 

HO~CH  "Nomen  dubium"^  HO~CH 

HC-OH  "  HC-OH 

HC-OH  HC-OH 

CHaOH  ChUOH 


mannose 


mannonic  acid  (9-4$) 


-  115  - 


Hermann  and  Neuschul,  Bull,  soc.  chim.  biol.  18,  390-4  (1936). 


C.A.  4528^  (1936). 
Hx.  305 

HO-CH 

HO'CH 
H&OH 
HC-OH 
OtOH 

mannose 


Acetobacter  gliiconicuffl 
(Bacterium  gluconicum) 


COOH 
HO-dH 
HO-CH 
HC-OH 
Hd-OH 
CHlOH 

mannonic  acid  (60-70$) 


Masuo  and  Nozaki,  Ann,.  Rent.  Shionogi  Research  Lab.  No.  6.,  110-14  (1956) 


C.A.  51,  5l92f  (1957). 
Rx.  306 

CHO 

ho-£h 

HO-^H 
HC-OH 
HC-OH 
CHaOH 

D -mannose 


Aerobacter  aerogenes 


COOH 

HO-CH 

HO-CH 
HC-OH 
HC-OH 

D-mannonic  acid 


Bertrand,  Compt .  rend.  127.  728-30  (1898) 

Brit.  C.A.  16  /Ti7,  170  (1899). 
Rx.  307 


CHO 
HC-OH 
HO-CH 
HO-CH 
HC-OH 
CH*,OH 


Acetobacter  xylinum 
(sorbose  bacterium) 


COOH 
HC-OH 
HO-CH 
HO-CH 
HC-OH 
tH*OH 


galactose 


galactonic  acid 
(approx.  66$) 


-  116  - 


Hermann  and  Neuschul,  Biochem.  Z.  2^1,  129-216  (1931). 
C.A. 


C.A.  gs,  36845  (1931). 


Acetobacter  aceti  (624):  COOH 

HC~ OH  other  Acetobacter  sp.  HO~OH 

HO-CH  (li  o-^)     ^  HO-9H 

HO-CH  HO-CH 

HC-OH  HC-OH 

CHaOH  CH*OH 

galactose  galactonic  acid 


Masuo  and  Nozaki,  Ann.  Rept.  Shionogi  Research  Lab.  No.  6,  110-14  (1956). 


C.A.  51,  5192f  (1957). 
Rx.  309 

CHO 
HC-OH 
HO-dH 
HO-CH 
HC-OH 
CH*,OH 


Aerobacter  aerogenes 


COOH 
H9-OH 
HO-CH 
HO-CH 
HC-OH 
CHaOH 


D-galactose 


D-galactonic  acid 


Boutroux,  Comnt .  rend.  2L,  236-8  (1880). 
Brit.  C.A.  3j3,  863  (1880). 


Rx.  310 


CHO  COOH 
1  1 

HC— OH  Acetobacter  aceti  HC— OH 

HO-CH  (Mvcoderma  aceti)  |_jQ_(^|_j 

Hd-OH  H9-OH 
HC^-OH  HC-OH 
CHzOH  dHa^OH 


glucose 


gluconic  acid 


-  117  - 


Brown,  J.  Chem.  Soc.  )£,  432-9  (1886), 
Rx.  311 

CHO  COOH 

HC— OH  Acetobacter  xylinum  HC~OH 
 CZH  (Bacterium  xylinujn)  ^0~CH 

HC-OH  HC-OH 

HC-OH  HC-OH 

CH2OH  CHaOH 

glucose  gluconic  acid  (approx.  60$) 


Seifert,  Zentr»  Bakt,  Paras itenk.  /jlj  3_,  385-99  (1897). 
Brit.  C.A.  Jh  JiiJ,  399  (1898). 


Rx.  312 


CHO 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CH*OH 


Acetobacter  pasteurianum 
(Bacterium  pasteurianum) 
A.  kfltzingianum 
(B.  kfltzingianum) 


COOH 


HO-CH 
HC-OH 
HC-OH 
CHsOH 


glucose 


gluconic  acid 


Alsberg,  £.  Biol.  Chem.  %  1-7  (1911). 
C.A.  %  1922^  (1911). 
Rx.  313 

CHO 


HC-OH 


HO-CH 


HC-OH 
HC-OH 
CHzOH 


Pseudomonas  savastanoi 
(Bacterium  savastanoi ) 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CH^OH 


D-glucose 


D-gluconic  acid 


-  118  - 


Molliard,  Compt.  rend.  174.  881-3  (1922). 

C.A.  16,  21951  (1922). 
Rx.  31k 

CHO 
h£-OH 
HO-CH 
HC-OH 
HC-OH 

CHaOH 


Aspergillus  niger 
(Sterigmatocystis  nigra) 


CO  OH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CHaOH 


glucose  (from  sucrose) 


gluconic  acid 


Falck  and  Kapur,  Ber.  21,  920-3  (1924). 
C.A.  18,  30445  (1924). 
Rx.  315 

CHO  COOH 

1  1 

HC-OH  Aspergillus  cinnamomeus:  HO" OH 

HO-6H  A.  fu^s;  A.  nigev.  HO-CH 

HC-OH  HC-OH 

HC-OH  HC-OH 

CH*OH  CH*,OH 

glucose  gluconic  acid  (26$) 


Amelung,  Z.  nhvsiol.  Chem.  166.  161-209  (1927). 
G..A,. 
Rx.  316 


Q..L.  ZL,  32126  (1927). 


CHO  COOH 

HC-OH  Aspergillus  .iaponicus:                  HC~ OH 

HO-dH  A.  cinnamomeu?  HO~CH 

HC-OH  HC-OH 

HC-OH  HC-OH 

CHaOH  tHzPH 


glucose 


gluconic  acid  (23$) 


-  119  - 


May  et  al.,  J.  Biol.  Chem.  25,  417-22  (1927). 


C.A.  22,  79k  (1928). 
Rx.  517 

CHO 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CHaOH 


Peniclllium  luteum 
purpu.rQgen,um; 
"Nomen  dubium" 
other  Pen ici Ilium  sp. 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CH*OH 


D-glucose 


D-gluconic  acid  (20-60$) 


Herrick  and  May,  U.  S.  1,726,067  (Aug.  27,  1929), 
C.A.  21,  50045  (1929). 
Rx.  318 


CHO 
HC-OH 
HO-CH 
HC-OH 
Hi- OH 

CH*OH 

glucose 


Penicillium  citrinum; 
Pen,  divaricatum; 
Pen,  luteum  purpurogenum 
"Nomen  dubium" 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 
CH*OH 

gluconic  acid 


Sumiki,  J_.  Agr.  Chem.  Soc.  Japan  6.  17-22  (1930), 

£.4.  24,  38ll9  (1930). 
Rx.  319 

CHO 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CH*OH 


Aspergillus  glaucus 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CHzOH 


glucose 


gluconic  acid  (72$) 


-  120  - 


Sumiki,  £.  Agj.  Chem.  Soc..  Japan  £,  23-7  (1930) 
C.A.  gJt,  38121  (1930). 


Rx.  320 


CHO 
HC-OH 

HO-CH 
HC-OH 
HC-OH 
CH*OH 


Penicillium  olivaceum 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

6h«oh 


glucose 


gluconic  acid 


Takahashi  and  Asai,  J_.  Agr.  Chem.  Soc.  Japan  6.  223-^1  (1930). 
9 

C.A.  2h,  k3lQ  (1930). 
Rx.  321 

CHO 


HC"OH  Acetobacter  roseus 

|_|q_^|_|  (Bact .  hoshigaki  var.  rosea) 

HC-OH 
HC-OH 

6h*oh 


900H 

HC-OH 

ho-£h 

HC-OH 
HC-OH 
dH^OH 


glucose 


gluconic  acid  (80-100$) 


Angeletti  and  Cerruti,  Ann.  chim.  applicata  20.  ^24-33  (1930). 

C.A.  25,  5338  (1931). 
Rx.  322 

CHO  COOH 

HC-OH     Penicilliun\  luteum  (\^M)  HC~OH 

|_|Q_Q|_j             Pen-  purxairogenum  (1.2$)  HO"CH 

HC" OH       Pen.  lutemn-purpurogenum  ^C  OH 

HC-OH             (over  6o^  HC-OH 

CKlOH                 *Mm"  CH.OH 


glucose 


gluconic  acid 


-  121  - 


Takahashi  and  Asai,  J.  Apr.  Chem.  Soc.  Japan  6,  526-37  (1930). 
C.A.  2k,  43192  (1930). 


Rx.  323 


<;ho 

HC-OH 
HO-CH 
Hd-OH 
HC-OH 
CH*OH 


Bacterium  industrium 
var.  hoshigaki 


COOH 
H9-OH 
HO-CH 
HC-OH 
Hd-OH 

ChkOH 


glucose 


gluconic  acid 


Hermann  and  Neuschul,  Biochem.  Z.  23^.  129-216  (1931 )• 
C.A.  2$,  36845  (1931). 


Rx.  32^ 


CHO 
H<|>OH 
HO-CH 
HC-OH 
H(j>OH 
CHzOH 


COOH 
1 


Acetobacter  ascendens 

other  Acetobacter  sp.  (36-81$)   CH 

"  HC-OH 
HC-OH 
CH*OH 


glucose 


gluconic  acid 


Birkinshaw  and  Raistrick,  Trans.  Rgx.  Soc.  (London)  B220.  331-53  (1931). 
2 

2..A.  26,  2487  (1932). 
Rx.  325 

Aspergillus  wentii  (l6#);  i5P^ 

HC— OH              Fumago  vagans;  HC" OH 

HO-6h              £enjsilliuffl  chrysogeflum  rv  • 

HC-OH          "~  HC-OH 

HC-OH  HC-OH 

CH*OH  dHzOH 


glucose 


gluconic  acid 


-  122  - 


Angeletti,  Ann,  chim.  applicata  22 9  59-62  (1932), 
£.A.  g£  35^05  (1932). 


Rx.  326 


CHO 

HC-OH 
HOCH 
HC-OH 
HC-OH 


Penicillium  crustaceuro 


COOH 
HC-OH 
HO-CH 
H<i-OH 
HC-OH 

CHOH 


glucose 


gluconic  acid  (12#) 


Sakaguchi,  J.  Agr.  Chem.  Soc.  Japan  8,  26k-5  (1932). 

C.A.        13798  (1933). 
Rx.  327 

CHO 

HC-OH 
HO-CH 
HC-OH 
HC-OH 
CHaOH 


Aspergillus  oryzae 


COOH 
HC-OH 
HO-CH 
HC-OH 
Hd-OH 

CHaOH 


glucose 


gluconic  acid  (88$) 


Takahashi  and  Asai,  J.  Agr.  Chem.  Soc.  Japan  8,  703-19  (1932). 
C.A.  26,  5602 3  (1932). 


Rx.  328 


CHO  COOH 


1 


HC— OH  Bact.  hoshigaki  var.  HC~OH 

HO-CH  glucuronic,  II  HO-CH 

HC-OH  HC-OH 

HC-OH  'HC-OH 

dH^OH  6-UOH 


glucose 


gluconic  acid  (89$) 


-  123  - 


Takahashi  and  Asai,  Zentr.  Bakt.  Paras itenk.  II  Ab_t.  8l,  385A12  (1933) 

£.A.  I 
Rx.  329 


£.A.  2X  198l2(l933). 


CHO  Bacterium  hoshigaki  COOH 

HC-OH  var.  glucuronicum  I,  II,  III            HO  OH 

HO-CH  (I'  100*;  n>  92^  I3CIj  HO-CH 

H6-OH  HC-OH 

HC-OH  HC-OH 

6h*OH  thzOH 

glucose  gluconic  acid 


Butlin,  Biochem.  £.  20_,  I87O-T  (1936).    See  £.  Sqq..  Chem.  Ind.  58,  363-5 


£.4.  21,  18U21  (1937). 
Rx.  330 

CHO 

h6-oh 
ho-£h 

HC-OH 
H^T-OH 
CHtOH 


Acetobacter  ?ubox.yflajis 
(Bacterium  §uboxy4fing) 


(1939). 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

6h*oh 


glucose 


gluconic  acid 


Pervozvanski?  and  Ivashkevich,  Microbiology  (U.S.S.R  )  8,  No.  3-^  339-52 


2i,  7321  (1940). 
Rx.  331 

CHO 

h£-oh 
ho-£h 

HC-OH 
HC-OH 

6h*,oh 


Pseudomonas  puUflfl 
(Bacterium  sut^djjm) 


(1939). 


COOH 
H9-OH 
HO-CH 
HC-OH 
HC-OH 

6hxOh 


glucose 


gluconic  acid 


-  12k  - 


Lockwood  et  al.,  J.  Bacteriol.  1+2.  5I-6I  (l9l+l). 
&.A.  25,  7^+99  (191+1). 
Rx.  332 

Pseudomonas  quci^oj.en.s  (96#); 
HC-OH         £&•  ovalis  (92*):  Phyto- 


HO-CH 
HC-OH 
HC-OH 
CH*OH 


monas  sp.  (1+0-82* 


900H 

HC-OH 
HO-CH 

h<J:-oh 

HC-OH 
CHzOH 


glucose 


gluconic  acid 


Porges  e_t  al . ,  low  a  State  Coll.       §£i.  l£,  1+51-69  (191+2 ) . 
£.A.  26,  51988  (191+2). 

pun         Acetobacter  melanogenum  0+2  #);  COOH 
L.A    y.         A.  aaeticiffi  (37*);  other 

nC"OH                Acetobacter  sp.  ny-^Jrl 

HO-CH                  (yields  up  to  70*)  HO-^H 

HC-OH  HC-OH 

HC-OH  HC-OH 

CHaOH  CHiOH 

glucose  gluconic  acid 


Sakaguchi  et.  al. • ,  J_.  Agr.  Chem.  Soc.  Japan  20.  155-8  (19I+I+). 
C.A.  42,  5508e  (1948). 
Rx.  331+ 

CHO  COOH 
1 

HC-OH  Gluconoacetobacter  HC"OH 

HO-CH  HO-9H 

H9-OH  .  HC-OH 

HC-OH  HC-OH 

CHaOH  drttOH 


glucose 


gluconic  acid 


-  125  - 


Utkin,  Mikrobiplogiva  1*5.  211-21  (19^6). 
2..A,  kg,  88T7f  (19^+8). 
Rx.  335 


CHO 
HC-OH 

Ho-dn 

Hd-OH 
HC-OH 

CHaOH 


Penicillium  crustosum 


COOH 
HC-OH 

ho-6h 

HC-OH 
Hd-OH 
CH*OH 


glucose 


Deed  a,  £.  Agx»  Chem.  Soc_.  Japan  2k.  51-5  (1950 ) 
£.4.  itS,  7l89f  (1951). 


Rx.  336 


CHO 
HC-OH 
HO-CH 
HC-OH 

HC-OH 
CHaOH 


Pseudomonas  gluconicum 


gluconic  acid 


COOH 
HC-OH 
HO-dH 
HC-OH 
Hd-OH 

CHaOH 


glucose 


gluconic  acid 


Katagiri  and  Itagaki,  Bull.  Inst.  Chem.  Research.  Kyoto  Mv.  22,  9^-5 

(1950). 


£.A.  l£,  4399d  (1951) 
Rx.  337 

CHO 
H9-OH 
HO-CH 
Hd-OH 
HC-OH 

dHzOH 


a  strain  of  Gluconobacter 


COOH 
HC-OH 
HO-CH 
Hd-OH 
HC-OH 

dHaOH 


glucose 


gluconic  acid 


-  126  - 


Lemoigne  and  Croson,  Gompt.  rend.  23*5.  1075-8  (1952). 
£.A.         438lh  (1953). 
Rx.  338 

CHO  COOH 

HC-OH  HC-OH 

^|Q_£^_|  Neisseria  winogradskyi  HO~C^H 

Hd-OH  HC-OH 

HC-OH  HC-OH 

CHUOH  CHzOH 

glucose  gluconic  acid 


Loitsyanskaya,  Mikrobiologiya  22.  263-6  (1953). 
C.A.  ltx,  125231  (1953). 
Rx,  339 

CHO 
1 

HC~"OH  Acetobacter  acetovorum 

|_^Q— (plus  acetic  acid) 

HC-OH  *" 
HC-OH 
£h,OH 


COOH 
HC-OH 

ho-6h 

HC-OH 
HC-OH 
CHiOH 


glucose 


gluconic  acid 


Challenger  et  al . ,  Nature  119.  6jk  (1927). 
C.A.  21,  271 55  (1927). 

Rxo  3^0 

CHO 
HC-OH 
HO-CH 
HC-OH 

HC-OH 
dHiOH 


Aspergillus  niger 


COOH 
H^-OH 
HO-CH 
.  HC-OH 
HC-OH 
COOH 


glucose 


saccharic  acid 


-  127  - 


Loekwood  fit  al. ,  J_.  Bacteriol.  kg,  51-61  (1941 ). 

C.A.  2 
Rx.  3kl 


C.A.         74U99  (191+1). 


YMU  mildenbergii  (100*)  X  >T 

HC~OH  other  Psejidomonas  (£-0 

HO-CH  Sp°  (over  80^)^  HO'^H 

HC-OH  H9-OH 

HC-OH  H£-OH 

CH*OH  CH*OH 

D-glucose  2 -ke to -D -gluconic  acid 


Ikeda,  £.  Agr.  Chem.  Soc.  Japan  24.  56-9  (1950). 

C.A.         7l89g  (1951). 
Rx.  3^2 

CHO  COOH 

1  1 

HC-OH  Pseudomonas  fluorescens  (80$),  C— O 

HO-CH  Serratia  marcescens  (75$)  HO~CH 

HC-OH  ~~  HC-OH 

HC-OH  HC-OH 

CH*OH  CHaOH 

glucose  2-ketogluconic  acid 


Kulka  et  al . ,  Nature  167.  905-6  (1951). 
Rx.  5^3 

r>\_kr\             Acetobacter  orleanense ;  nr\r\vx 

VMU  4-  pasteurianum:  VUU" 

HC"OH  4-  acetigenum;  0=0 

ho-ch  a.  t^bid^s.  ^  hohj:h 

HC-OH  HC-OH 

HC-OH  HC-OH 

CH*OH  CH^OH 


D-glucose 


2-keto-D-gluconic  acid 


-  128  - 


Masuo  and  Nozaki,  Ann..  Rents .  Shionogi  Research  Lab.  No.  %  97-101  (1953). 


C.A.  5Q,  15711g  (1956). 
Rx.  344 

CHO 
HC-OH 

HC-OH 
HC-OH 
CH*OH 


Aerobacter 
aerogenes 


COOH 

c=o 

HO-^H 
H<j:-OH 
HC-OH 
CHaOH 


D -glucose 


2-keto-D-gluconic  acid 


Kulka  and  Walker,  Arch.  Biochem.  Bionhvs .  50,  169-79  (1954). 
C.A.  48,  8870f  (1954). 
Rx.  345 


CHO 
HC-OH 
HO-CH 
HC-OH 
H^-OH 

CH*OH 


Acetobacter  mobile : 
A.  gluconicujB,  A.  xvlinum: 
other  Acetobacter  sp. 


COOH 

c=o 

HO-dH 
HC-OH 
HC-OH 
CH*OH 


glucose 


2-ketogluconic  acid 


Blackwood  and  Blakley,  Can.,  £.  Microbiol.  2,  741-6  (1956). 


C.A.  51,  2942b  (1957). 
Rx.  346 

CHO 
HC-OH 
HO-CH 
H9-OH 
HC-OH 

CHaOH 


Xanthomonas 
uredovorous 


COOH 
6=0 
HO-CH 
.  Hd-OH 
HC-OH 
CHaOH 


D-glucose 


2-keto-D-gluconic  acid 


-  129  - 


Boutroux,  Compt.  rend.  102.  92U-7  (1886).  See  Ibid.  111.  185-7  (1890). 
Brit.  £.A.  50.  Jii/,682  (1886). 


Rx.  347 


CHO 

HC-OH 
HO-dH 
H9-OH 

HC-OH 
CH*OH 


organism  resembling 
Bacterium  oblongus 
(Mtcrpcocc^s  ©Msaguj.) 


COOH 

HC-OH 
HO-CH 
HC-OH 

c=o 

CH2OH 


glucose 


"oxygluconic  acid" 
(probably  5-ketogluconic  acid) 


Kluyver  and  de  Leeuw,  Ti.idschr.  vergeli.lk.    Geneeskunde  12,  170-82  (192*0 


£.A.  18,  32026  (1924). 
Rx.  3fc8 

CHO 

H^-OH 
HO-CH 
HC-OH 
HC-OH 
CH2OH 


Acetobacter  suboxvdans 


COOH 

HC-OH 
HO-CH 
HC-OH 

c=o 

CHaOH 


glucose 


"oxygluconic  acid" 
(shown  later  to  be  5-ketogluconic  acid) 


Takahashi  and  Asai,  J.  Agr.  Chem.  Soc.  Japan  6,  407-12  (1930) . 

£.4.  2k,  43191  (1930) . 


Rx.  349 


CHO  COOH 

HC-OH  acetic  acid  bacteria  HC~OH 

HO-CH  (3  new  species)  HO~CH 

HC-OH  HC-OH 

HC-OH  0=O 

CH&OH  dhkGH 


glucose 


5-ketogluconic  acid 


-  130  - 


Katznelson  et  al.,  £.  Biol,.  Chem.  204.  43-59  (1953). 
C.A.  kZ,  12520h  (1953). 
Rx.  350 

CHO  COOH 

1  1 

HC~OH  Acetobacter  C-O 

HO-CH  melanogen,um  ^  HO-£H 

HC-OH  HC-OH 

HC-OH  6=0 

CH*OH  CHtOH 

glucose  2,5-diketogluconic  acid 


Asai  et  al . ,  J.  Agr.  Chem.  Soc.  Japan  26,  625-30  (1952). 
C.A.  48,  12882 f  (1954), 
Rx.  351 

CHO  COOH 

1  1 

HC~ OH  Fseudomonas  C=0 

HO-CH  fluoresces  ^  HO~CH 

HO-CH  HO-CH 

H9-OH  HC-OH 

CHaDH  6h*OH 

galactose  2-ketogalactonic  acid 


Masuo  and  Nozaki,  Ann.  Rept.  Shionogi  Research  Lab.  No.  6,  110-14  (1956) 

C.-A.  51.  5l92f  (1957). 
Rx.  352 

CHO  COOH 

HC-OH  Aerobacter  c=o 

HO-CH  aerogenes  HO-CH 

HO-CH  HO-CH 

HC-OH  HC-OH 

dHzOH  tHzOH 


D-galactose 


2-keto-D-galactonic  acid 


-  151  - 


Fujise,  giaansa.  &.  22^  2in-6  (1951). 

S..&.  25,  (1931). 
Rx.  355 


;-cho 


fresh  yeast 


•CH-COOH 
Oh'! 


a -thienylglyoxal 


a-thienylgly colic  acid 
(nearly  100#) 


Dakin,  £.  Biol.  Chem.  1&,  91-5  (191^). 
£.A.  &,  275T8  (191*0. 
Rx.  55^  O 

C-CHO 


brewers'  yeast 


phenylglyoxal 


Robbins  and  Lathrop,  Soil  Sci.  1,  U75-&5  (1919). 
C.A.  lib  (1920). 
Rx.  555 

CHO 


OCH 


OH 


vanillin 

( 5-methoxy-l|— hydroxybenzaldehyde ) 


a  soil  bacterid 


1-mandelic  acid 
(approx.  26$) 


COOH 


^OCHa 

>H 

vanillic  acid 


-  152  - 


Stodola  and  Lockwood,  J.  Biol.  Chem.  HI,  213-21  (19^7). 
C.A.  kg,  1983h  (19^). 
Rx.  356  .  


CHO 

HC-OH 

HO-9H 

HC-O— 
HC-OH 


 CH 

HC-OH 
HO-CH 
HO-CH 

HC  


Pseudomonas 
graveolens : 

other 
Pseudomonas 
sp. 


O 


COOH 
HC-OH 
HO-CH 
HC-O — 1 
HC-OH 


CH 


Hd-OH 
HO-CH 
HO-CH 

HC  


O 


CHzOH  CHaDH 

lactose 


See  Kluyver,  A.  J 
J.  Microbiol.  Serol 
Pseudomonas  spp. 


CHaOH  CH*OH 

lactobionic  acid  (75#) 

et  al . ,  Antonie  yan  Leeuvenhoek 
..  11,  1-14  (195lJfor  other 


Masuo  gi  al.,  Ann.  Rents .  Shionogi  Research  Lab.  No.  1,  136-41  (1952). 


S..A.  12231d  (1957). 
Rx.  357   

CHO 

HC-OH 

ho-6h 

HC-O- 


■9H 


HC-OH 
HO-CH 
HO-CH 
HC  


Pseudomonas 
gluconicum ; 

£s_.  voodsii: 
other 

Ps.  species 


o 


CH 


O 


HC-OH 
dhitDH  ChUQH 

lactose 


COOHi  

HC-OH  HC-OH 
HO-CH  HO-CH 
Hd-O— 1  HO-CH 
HC-OH  HC  

dH^OH  CHaOH 

lactobionic  acid  (50-60$) 


Villecourt  and  Blaehere,  Ann.  inst.  Pasteur  88.  523-6  (1955). 


ka,  10^19h  (1955). 

Rx.  358  .j  

CHO    j  CH 

HC-OH  HC-OH 
HO-CH  HO-CH 
HC-O—1  HO-CH 

HC-OH       HC  1 

CHzOH  CHaOH 

lactose 


o 


Bacterium 
anitratum 


COOH 

HC-OH 
HO-CH 
HC-O- 
Hd-OH 


CH 


O 


HC-OH 

ho-6h 

HO-CH 

HC  1 

£h*OH  CHaOH 


lactobionic  acid 


-  133  - 


Stodola  and  Lockwood,  J,  Bio] 
S..A.        198311  (19^8). 
Rx.  359 

CHO 
HC-OH 
HO-  CH 
HZ-O— 
HC-OH 


CH*OH 


dH^OH 


Chem.  171.  213-21  (19^7).    See  ref.  to 

Kluyver,  A.  J.  et  al .  in  Rx.  356 


PaeudomonaB 
ffraveolens : 

other 
Pseudomonas 
sp  0 


OOOH 
H(J:-OH 
HO- CH 
H^-O— 
HC-OH 


h— 
HCJ 

H9-OH 

HO-CH  9 

HC-OH  ' 


maltose 


c  H*OH 


maltobionic  acid  (77$) 


Foda  and  Vaughn,  J.  Bacteriol.         233-7  (1953). 


C.A.  kj_,  5990d  (1953). 
Rx.  36O 

CHO 

HC-OH 


5~ 


ho-6h  I 


HO 

HC-OH 
HO-CH  O 
HC-O—J  Hd-OH 
HC-OH  Hd— 
CHzOH  CHaOH 

maltose 


Acetobacter 
melanogenum 


COOH 

HC-OH 
HO-dH 
HC-OH 

c=o 

5»1  ©  tog  I  uc  onic  a  c  id 


Katznelson  and  Tanenbaum,  £.  Bacteriol.  £8,  368-72  (195*0 


C.A.  hS, 
Rx.  361 

CHO 
HC-OH 
HO-CH 
HC-O- 
HC-OH 


13813a  (195*0. 


HCJ 
HC-Ot 

HO-9H 
HC^-OJ 
HC- 


O 


CH*OH  CH*OH 


Acetobacter 


COOH 

c=o 

0-9H 

HC-OH 
6=0 
CHaC 


maltose 


2 , 5-diketogluconic  acid 


-  135  - 


I,  Oxidation 

d.  -ChUrCH*  — — —  CH=CH- 


Shull,  U.S.  2,776,927  (Jan.  8,  1957) 
C.A.  51,  8152a  (1957). 


Rx.  362 


OH 


H 


Protaminobacter 
albof lavum:  P.  rubrum 


19-nortestosterone 


A  "'"-dehydro-19-nortestosterone 


Rx.  363 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 

o 


o 


CH3 


Prot aminobac ter  albo- 
flavum;  P.  rubrum 


CMffl 


^^'^-androstadiene-^lT-dione  1»i,'^-androstatriene-3,17-dione 


-  136  - 


Vischer  and  Wettstein,  Exnerientia  9.  371-2  (1953). 
C.A.  kQ,  5268h  (195*0. 


Rx.  364 


-andros tene-3, 17-dione 


Fusarium 
golflpi 


^  ^'^-androstadiene-3, 17-dione 
(nearly  100%) 


Stoudt  et  al.,  Arch.  Biochem.  Bionhvs.  52,  301+-5  (1955) 
C.A.  50,  3558e  (1956). 


Rx.  365 


o 


Bacillus 
sphaericus 


CH3 


^— ^  -andros tene-3, 17-dione 


-andros  tadiene -3 , 17-dione 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 
Rx.  366 


CH9] 


Pr o t aminob a c t er  albo- 
flavum;  £.  rub rum 


-andros tene -3, 17-dione 


^.1  >  ^  -andros  tad  iene  -3 , 17-dione 


-  137  - 


Vischer  and  Wettstein,  Experientia  9.  371-2  (1953) 
G.A.  kQ,  5268h  (195^). 


Rx.  367 


o 


Fusarium  solani; 
F,  caucasicum 


HO' 

-dehydroisoandros  terone 


/\  1^^-androstadiene-3,17-dione 


Fried  fit  3I.,  £.  M>  Chem.  Soc.  25*  5764-5  (1953 ) 
C.A.  J+8,  12758g  (1954). 
Rx.  368 

Cylindrocaroon 
radicola 


testosterone 


/v^-dehydrotestololactone  (50$) 


Vischer  fit  al.,  Helv.  Chim.  Acta  38,  1502-7  (1955). 
Co A.  50,  5716a  (1956). 
Rx.  369  OH 

CH»JL  ( 


Didymella 
Ivcopersici 


CHs 


OH 


17Q!-methyl  testosterone 


^1- 


dehydro-17Q5-methyltestos  terone 


-  138  - 


Vischer  et  §1„,  Helv.  Chim.  Acta  ^8.  1502-7  (1955). 
C.A.  50,  5716a  (1956). 
Rx.  370 

)H 


9H3 


Didymella 
Ivcopersici 


17c*-ethinyltes  tosterone 


^  -dehydro-17a-ethinyl- 
tes tosterone 


Vischer  et.  §1.,  Helv.  Chim.  Acta  38,  I5O2-7  (1955). 
C.A.  50,  5716a  (1956). 


Rx.  371 


CH3 


Didymella 
Ivcopersici 


Z^-^-  -dehyd  ropr  oges  terone 


^  A^pregnatriene-J^O-dione 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  SI,  8152a  (1957). 
Rx.  372  CHs 

OO 


A  ^-dehydroprogesterone 


Protaminobacter 
alboflavum; 
£.  rubrum 


^ 1 » ^ ' 16 -pregna triene -3 , 2 O-dione 


-  139  - 


Kita  and  Shull,  in  Shull,  Trans.  N.  I.  Acad.  Sci.  12,  147-72  (1956), 
C..4.  5i,  4495c  (1957). 
Rx.  373  CH3 

c=o 


Pvcnpdqthis  sp 


HO' 


^  -pregnane -3P -ol-20-one 


1  4 

/\,  '  -androstadiene-3,17-dione 


Vischer  and  Wettstein,  Expenentia  9.  371-2  (1953). 
C.A.  IjB,  5268h  (1954). 
Rx.  374  CHs 

c=o 


Fusarium  solani; 
F.  caucasicum 


progesterone 


1  4 

&  '  -androstadiene-3,17-dione 


Fried  gt  §1.,  J.  Am.  Chem.  Soc.  2Sj  5764-5  (1953) 
C.A.  1+8,  12758g  (1954). 
Rx.  375  CH3 


Streptomv-ces 
lavendulae 


progesterone 


ZV*- '  ^-andr  os  tadiene-3 >  17-dione 

«) 


-  1U0  - 


Fried  et  al.,      Am.  Cham.  Soc.  75.  576^-5  (1953). 
2&  12758g  (195^). 

Rx.  576 


&b£SEiifiBggSS 
lavendulae 


progesterone 


^  ^-dehydrotee  toe  terone 


Nishikawa  et  al . ,  Fharm.  Bull.  (Japan)  2,  322-3  (1955). 
C.A.  £0,  131656  (1956). 

Rx.  377 

c=o 


Fusarium 
solani 


progesterone 


-andros  tad  iene -173 -ol- 
3 -one 


Vischer  et  al.,  Helv.  Chim.  Acta  38,  835-40  (1955). 
C.A.  50,  12093b  (1956). 
Rx.  378  CH3 

c=o 


CH3 


Calonectria 
decora 


progesterone 


1  k 

/S.   '  -androstadiene-3,17- 
dione 


-  Da  - 


Vischer  et  al.;  Helv.  Chim.  Acta  58.  835-^0  (1955). 
C.A.  50,  12093b  (1956). 


Rx.  379 


Calonectria 
decora 


progesterone 


A^-dehydroprogesterone 


Stoudt  et  al. ,  Arch.  Biochem.  Biophvs .  22,  30^-5  (1955). 
C.A.  50,  3558e  (195.6). 

Rx.  380  CH3 


Bacillus 
sphaericus 


9H3 

CO 


progesterone 


1 

^  -dehydroprogesterone 


Nishikawa  et  al.,  Pharm.  Bull.  (Japan)  2,  322-3  (1955). 
C.A.  50,  13l65e  (1956). 
Rx.  38I  (^H» 


co 


progesterone 


Fusariuffi 
solani 


c=o 


^"'"-dehydroprogesterone 


-  Ik2  - 


Fried  gtal.,  £.  A&.  Chem.  Soc.  2^  5764-5  (1953). 
C.A.  kQ,  12758g  (195*0- 
Rxo  382  CH3 

c=o 


Cylindrocarpon 
radicola 


CHa 


progesterone 


/\  -denydrotestololactone 
(50*) 


Nishikawa  et  al . ,  Pharm.  Bull.   (Japan)  %  322-3  (1955). 
C.A.  5Q,  131650  (1956). 
Rx.  383  ^HU 


solani 


progesterone 


-denydrotestololactone 


Vischer  and  Wettstein,  Exnerientla  9.  371-2  (1953). 
C.A.  1*8,  5268h  (195*0. 

Rx.  38U  <^H: 


Fusarium  solani; 
Fj  gaucasicum 


HO 


/\  -pregnene-3(3-ol-20-one 


1  k 

^  '  -androstadiene-3,17- 
dione 


-  11*3  - 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
CoA.  51,  8152a  (1957). 


11-ketoprogesterone  A  '  -pregnadiene-3,ll,20-trione 


Fried  et  al.,  Recent  Progr.  Hormone  Research  11.  1U9-81  (1955). 
C.A.  k<£,  IhlhVo  (1955). 
Rx.  386  CHs  (^Ha 

60  HOOH 


l6d!-hydroxyprogesterone  A  >  -pregnadiene-l6a,2Gf3-diol- 

3 -one 


Shull,  U.S..  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 

Rx.  387  CHs  CH3 


Protamlnobacter  albo- 


17Q!-hydroxyprogesterone  £±  '  -pregnadiene-17<3-ol- 

3,20-dione 


Vischer  and  Wettstein,  Bxnerientia  9.  37I-2  (1953). 
C.A.  1*8,  5268I1  (1954). 


Rxo  388 


CH3 


ChUOH 

6=0 


Fusarium  solani: 
£.  caucasicum 


11-desoxycorticosterone 
(cortexone) 


androstadiene-3,17- 
dione 


Stoudt  et  al. ,  Arch.  Biochem.  Bionhvs .  59_,  304-5  (1955). 
C.A.  50,  355$e  (1956). 

Rx.  389  CHaOH 

OO 


Bacillus  sphaericyis 


CH*OH 
60 


11-desoxycorticosterone 


^  ^--dehydro-ll-desoxycorticosterone 


Vischer  et  ^1.,  Helv.  Chim.  Acta  58,  835-^0  (1955). 
C.A.  50,  12093b  (1956). 
Rx.  390  CHaOH 


C=0 


CH*OH 


Calonectria  decora 


11-desoxycorticosterone 


-11+ 

^  '  -pregnadiene-21-ol-3,20-dione 


-  145  - 


Shull  and  Bloom,  in  Shull,  Trans.  N.  Y.  Acad.  Sci.  1£,  147-72  (1956). 

C.A.  51,  i+495c  (1957). 
rx.  391  CHaOH 


Fusarium  sp. 


11-desoxycorticosterone 


/\  -dehydrotestololactone 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 


Rx.  392 


Protaminobacter  albo- 
flavum;  £.  rubrum 


A  ^'9(i:L)-pregnadiene-17a, 
21-diol-3,20-dione 


^J- > ^ > 9 (11 ) .pregnatr iene -17a, 
21-diol-3,20-dione 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 
Rx.  393  (J^HzOH 

c=o 

<?Hi-L — OH 


CHzOH 

c=o 

^ — OH 


Protaminobacter  albo- 
flavum:  £.  rubrum 


'  -pregnadiene-17a, 
21-diol-3,20-dione 


^■^'^-pregnatriene-rfa, 
21-diol-3,20-dione 


-  11+6  - 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A,  51,  8152a  (1957). 


113,17a-dihydroxyprogesterone  £±  *  -pregnadiene-lip,17a-diol- 

3,20-dione 


Stoudt  et  al.,  Arch.  Biochem.  Biophvs .  52,  30^-5  (1955). 
C.A.  50,  3558e  (1956)0 

hx.  395  CHaOH  ChkOH 

6=0  c=o 


corticosterone  ^  -dehydrocorticosterone 


Vischer  et  al . ,  Helv.  Chim.  Acta  38,  835AO  (1955). 
£.A.  50,  12093b  (1956). 
Rx.  396  CHzOH 

c=o 

HCX 


Calonectria  decora 


CHaOH 

6=0 


corticosterone 


''"-dehydrocorticosterone 


-  11+7  - 


Fried  et  §1. ,  J.  Am.  Chem.  Soc.  2^>  576^-5  (1955). 
C.A.  k&,  12758g  (195*0. 
Rx.  397  9HiOH 


Cvlindrocarpon 
radicola 


1705-hydroxy-ll-desoxycorticosterone 
(Reichstein 's  Cpd.  S) 


^  -denydrotestololactone 
(50« 


Stoudt  et  al.,  Arch.  Biochem.  Biophvs .  52,  3C4-5  (1955). 
C.A.  50,  3558e  (1956). 
Rx.  396  £H*OH 

c=o 


CHaQH 

J^c-OH 


Bacillus  sphaericus 


17a-hydroxy-ll-desoxycorticosterone  ^1-dehydro-17a-hydroxycortexone 


Vischer  et  al. ,  Helv.  Chim.  Acta  38,  835-^0  (1955). 
C.A.  50,  12093b  (1956). 
Rx.  399  CHaQH 

c=o 
Tj^- oh 


Fusarium  solani 


17a-hydroxy-ll-desoxycorticosterone 


-d  ehy  dro  -1 7Qt-hyd  r  cxy  c  or  t  ex  one 


-  ll*8  - 


Lindner  e_t  al.,  Naturvissenschaf ten  4^.  39  (1956). 
C.A.  5i,  14008c  (1957). 


Rx.  400 


9HzOH 

c=o 

c?H3-t~ OH 

mixed  culture  of 
Rhizopus  nigricans 
and  Bacillus  sybtilis 


9HzOH 
9H3J  QH 


17a-hydroxy-ll-desoxycorticosterone  ZS1-dehydro-17a-hydroxy- 

cortexone  (80$) 


Shull^  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 

Rx.  401  C^HaOH 

c=o 

.c^k— OH 


CH2OH 
CO 

<?K,l.__OH 


Protaminobacter  albo- 
flavunu  rubrum 


170£-hydroxy-ll-desoxycorticosterone 


1  4 

Zi».  '  -pregnadiene-17ot,21-diol- 
3,20-dione 


Sutter  et  al.,  J_.  Org.  Chem.  22  ,  578-9  (1957). 
C.A.  52,  1195b  (1958). 
Rx.  402  9H2OH 


C  or vne  b  a  p.  t  q r  i 
simplex 


ChUOH 

c=o 

?5^k--OH 


17Q!-hydroxy-ll-desoxycorticosterone 


Z^.1 '  -pregnadiene -17a , 21  -diol ■ 
3,20-dione 


-  1^9  - 


Sutter  et  £L.,  £.  Org,,  Chem.  22,  578-9  (1957). 

S..A.  3£,  1193b  (1958). 
Rx.  403  9HaOH 

c=o 

--OH 

Mycobacterium  lactlcola: 
Cprynefbacterium  simplex; 
an  unidentified  Alcaligenes 


9H2OH 

HC-OH 
?H,J„0H 


lTCt-hydroxy-ll-desoxy- 
corticosterone 


1  k 

£\  '  -pregnadiene-17a,2O0, 
21-triol-3-one 


Stoudt  et  al.,  Arch.  Biochem.  Biophvs.  59.,  304-5  (1955) 
C.A.  50,  3558©  (1956). 

rx.  kOk  CH*PH 

CO 


Bacillus  sphaericus 


9H^OH 
9H3J— oh 


cortisone 


Vischer  et  §1.,  Helv.  Chim.  Acta.        835-^0  (1955). 

C.A.  50,  12093b  (1956). 

Rx.  405  ChUOH 

1 

c=o 


^  -dehydrocortisone 
(prednisone) 


(^H^OH 


Fusarium  solani 


cortisone 


^  -dehydrocortisone 


-  150  - 


Schering  Corp.,  Ohem^  Eng.  News  33,  567O-I  (1955) 
See  C.A.  49_,  151791  (1955). 

rx.  koe  $HzOH 


See  JACS  XL  (1955). 


9H«OH 


Corynebacterium  simplex 


cortisone 


^  -dehydrocortisone 
(approx.  7056) 


Lindner  et  al.,  Naturvis sens chaf ten      .  59  (1956). 
C.A.  5^,  14008c  (1957). 
Rx.  407  CHzOH 

c=o 


CH3 


mixed  culture  of 
Rhizonus  nigricans 
and  Bacillus  subtilis 


CHaOH 

c=o 

CHs^~OH 


cortisone 


£±  -dehydrocortisone 


Vischer  et  al. ,  Experientia  12.  50-2  (1956). 
C.A.  50,  Il4l8f  (1956). 

Rx.  408  ChUOH  CHzOH 


d, 1-cortisone  d-£±  -dehydrocortisone 


-  151  - 


Shall,  U.S.  2,776,927  (Jan.  8,  1957). 

C.A.  51,  8152a  (1957). 
Rx.  409  CHaOH 

CK»J-  OH 


ChUOH 


Protaminobacter  albo- 


cortisone 


^  -dehydrocortisone 


Szpilfogel  .e£.£l. ,  Rec.  trav.  chim.         402-4  (1956). 
C.A.  50,  15162a  (1956). 
Rx.  410  CH2OH 

9h,j  OH 

Fusarium 
solani 


ChUOH 

HC-OH 
CH3JL—0H 


cortisone 


^  1^-pregnadiene-17a,20p, 
21-tr iol-5 , 11-dione 


Vischer  et  al.,  Experientia  50-2  (1956). 
C.A.  50,  114 l8f  (1956). 

Rx.  411  CH*OH 


Didymella 
lvcopersici 


CHaOH 

?"c=o 

CH 


d, 1-aldosterone 


d-£±  -dehydroaldosterone 


-  152  - 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957)- 


Rx.  1+12 


CH*OH 


Protaminobacter 
alboflavum:  £.  rubrum 


9H2.OH 

oo 

r-OH 


-pregnene-l^a,  15a- 
epoxido-17a,21-diol-3,20-dione 


<LS  '  -pregnadiene-l4a,l5a- 
epoxido-17a,21-diol-3,20-dione 


Stoudt  et  al. ,  Arch.  Biochem.  Biophvs .  52,  504-5  (1955). 

C.A.  50,  3558e  (1956). 
Rx.  kl3  ChUOH 

HO.  ^J^vr  OH  HO. 


CH3 


CHzOH 

c=o 


Bacillus  sphaericus 


hydrocortisone 
(cortisol) 


/\  -dehydro- 
17a-hydroxycorticosterone 
(prednisolone ) 


Schering  Corp.,  Chem.  Eng.  News  22,  367O-I  (1955).    See  JACS  77.  klQk  (1955) 
See  C.A.  l£,  151791  (1955)- 
Ex.  klh  9HaOH  CH2OH 


Gorynebacterium 
simplex 


hydrocortisone 


•^1-dehydro-170f-hydroxy- 
cor t icos  terone 


-  153  - 


Lindner  et  al.,  Naturwisaenschaften  k^,  39  (1956). 
C.A.  51,  lU008c  (1957). 

Rx.  jh5  CH2OH  p-UOH 

c=o  oo 

mixed  culture  of 
Rhizopus  nigricans 
and  Bacillus  subtilis 


hydrocortisone 


^^-dehydro-lTa-hydroxy- 
corticosterone 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
S.. A.  2Lf  8152a  (1957). 

Rx-  QHzOH 

c=o 


CHzOH 

c=o 

?>^c-OH 


Protaminobacter  albo- 
flavum:  P.  rubrum 


hydrocortisone 


^^•-dehydro-17ot-hydroxy- 
corticosterone 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 

Rx.  ku  ChUOH 

c=o 

<?HaX  OH 


Protaminobacter  albo- 
flavum:  P.  rubrum 


XT 


CHjOH 

c=o 


.4 

<£\  -pregnene-lUa,15a-epoxido- 
llp, 17a, 21-tr iol-3,20-dione 


Z±s?~'  ^-pregnadiene-lUa,  15a-epoxido- 
lip, 17a,  21-triol-3, 20-dione 


-  ijk  - 


Shull,  S.a.  2,776,927  (Jan.  8,  1957)- 

\ 

C.A.  5i,  8152a  (1957). 
Rx.  ttlfl  CH2OH 


o. 


CH3 


Protaminobacter  albo- 
flavum:  £.  rub rum 


OH 


lto-hydroxycortisone 


CHaOH 

6=0 


Z^1'  ^-pregnadiene  -Ito,  17(2,21- 
triol-3 , 11,20-trione 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 
Rx.  419  CHzOH 

:=o 

c-OH 


9H^OH 

c=o 


Protaminobacter 
alboflavum:  £.  rub rum 


OH 


l4a-hydroxy hydrocortisone 


-dehydro  -ltat-hydroxy  hydro- 
cortisone 


Stoudt  et  al. ,  Arch.  Biochem.  Bionhvs .  52,  304-5  (1955). 
C.A.  50,  35580  (1956). 

Rx.  U20  CHaOH  ChUOH 


9a-fluorohydrocortisone  A  -dehydro-9ct-fluorohy- 

drocortisone 


-  155  - 


Shull,  U.S.  2,776,927  (Jan.  8,  1957). 
C.A.  51,  8152a  (1957). 
Rx.  k21  QhkOH 


ChUOH 

6=0 


Protaminobacter  aibo- 
?1&VW;  £•  rubrum 


9a-f  luorohydrocor  t  isone 


.  1 

-dehydro-9ot-f luorohydro- 
cortisone 


Shull  and  Kita,  Belg.  558,527  (May  21,  1955). 
C..A.  reference  not  available 
Rx.  k22  QHzO-C-CHs 

c=o  o 

cH,i___OH 


Mycobacterium  gfflegma^s; 
M.  lacticola 


21-0-ace ty  1       -pr egnene - 
17a, 21-diol-3 , 20-dione 


s*^  '  -pregnadiene-17a,21- 
diol-3, 20-dione 


Vis cher  e_L  al.,  Helv.  Chim.  Acta  1502-7  (1955). 
£•&•  50.,  5716a  (1956). 

Rx.  1*23  CH^O-C-ChU 

c=o  O 

Didymella 


CHaOl 


k  6 

21-0-acetyl-^i  '  -pregnadiene- 
21-ol-3, 20-dione 


1  k  ft 

/\  '  '  -pregnatr iene-21-ol- 
3, 20-dione 


-  156  - 


Vischer  §t  al.,  Helv.  Chim.  Acta.  ^8,  1502-7  (1955). 
£.A.  50,  5716a  (1956). 

rx.  i+24  CpHaO-C-CHa 

c=o  O 

-GH3  Q 

Didvmella 
Ivcopersici 


CH*OH 


21-0-acetyl-l7a-methyl- 
A^-ipregnene-21-ol-3,ll,20-trione 


,1k 

17a-methyl- A*'  -pregna- 
d iene -2 1 -ol -3 , 11 , 20-tri one 


Vlscher  et  al.,  Helv.  Chim.  Acta  38,  1502-7  (1955). 
C.A.        5716a  (1956). 
Rx.  1+26 


c=o  O 

OH 


Didvmella 
ilycopersici 


21-0-acetyl-9a-fluoro- 
hydrocortisone 


ChUOH 


A  1-dehydro-9a-f  luoro- 
hydrocortisone 


-  157  - 


I.  Oxidation 

e.  -CHaOH   -COOH 


Kfltzing,  J.  prakt.  Cham.  U,  385-409  (I837). 
Rx.  426 

aerobic  organisms 
CH3-CH2OH   CH3-COOH 

ethanol  acetic  acid 


Pasteur,  "Memoire  sur  la  fermentation  ace'tique."  (1864). 
Rx.  427 

Acetohacter  aceti 

CH3-CH*OH        (tottaumttJ  CHf-COOH 

ethanol  acetic  acid 


Seifert,  Zentr.  gskt.  Paras itenk.  II  Afe£.,  2,  337-49  (1897). 

Brit.  C.A.  2k  [ii],  399  (1898). 

,  p  AgetQb^cter  pa^teurianum; 

nx*  (Bacterium  pasteurianum) 


4-  pt^iflgj.ftRum 

3.  mT 


ch3-ch,oh      fe-  ag^m  ch3-cooh 


ethanol 


acetic  acid 


-  158  - 


Sazerac,  Comet,,  rend.  157.  90-2  (1903). 

Brit.  C.Ao  Ok  [ii],  606  (1903). 

RXo  k29  a  microorganism 

(not  Acetobacter  aceti 

CH3-CH,OH        °r  -■  ss2Mm)  ,  CH3-COOH 


ethanol  acetic  acid 

(approx.  32 

Yamada,  Bull.  Agr.  Chem,  Soc,  Japan  2.,  76-QO;  80-3  (1927). 
C.A.  22,  84l5  (1928). 
Rx.  1+30 

sake  yeast 

CHa-CHeOH   CH3-COOH 


ethanol  acetic  acid 


Gilvert  and  Subramanian,  J.  Ind.  Inst.  Sci.  8,  1^7-72  (1928) 
Co  A.  2 

Rx.  431 


Co  A.  §£,  hlk26  (1928), 


CH3-CH*OH    Pure  bacterlal  cult^es  CH3-COOH 


ethanol  acetic  acid 


Simon,  Biochem.  Z.  224.  253-91  (1930). 
C..A.  2ji,  53299  (1930). 

RXo  4-32  Acetobacter  suboxydans ; 

A.  pasteurianum 

CH3-CHeOH       fe-  CH,-COOH 


ethanol 


acetic  acid 


-  159  - 


Krehan,  Arch.  NKTrrgMnl .  1,  493-556  (1930).    See  ibid.  2,  277-321  (1932), 
See  C.A.  26,  40762  (1932). 
Rx.  433 

BacteriuQi  acetigenoideum 

CfVChUOH   CH3-COOH 


ethanol 


acetic  acid 
(>90#) 


Mosel,  Zentr.  Bakt.  Paras it enk.  II  Abt.  8j,  193-229  (1932). 

2 


C.A.  21,  1710  (1933). 
Rx.  434 

CH3-CHaOH 


Acetobacter  ascendens; 
(Bacterium  ascendens) 
A,  aceti  (B.  aceti) 


CH3-COOH 


ethanol 


acetic  acid 


Barker,  £.  Biol.  Chem.  157.  155-67  (l94l) 
C.A.  5^,  14395  (1941). 
Rx.  435 


CHrChUOH 


Methanobacteriurn 
omelianskii  and  CO2 


CK-COOH 


ethanol 


Cosbie  fit  fil.j  I.  Inst.  Brewing  4&,  82-6  (1942), 
C.A.  26,  58494  (1942). 
Rx.  436 


CH3-CI-UOH 


Acetobacter  turbidans 


acetic  acid 
(93-96%) 


CH3-COOH 


ethanol 


acetic  acid 


-  160  - 


Bceda^,       Agr-  Chem.  Soc.  Japan  24.  5I-5  (1950). 

C.Ae  ^  7l89f  (1951). 
Rx0  kj>1 


CH3-CHzOH 


Xanthomas  orvzae: 
CPs,  oryzaa) 
Serratia  marc esc ens : 
firtfiltia  carotovera 
(Bacillus  carptovorus) 


CH.-COOH 


ethanol 


acetic  acid 


Tosic.and  Walker,  J_.  Gen.  Microbiol,  h,  192-7  (1950). 

£.4.  ka,  9110a  (1951)0 

1^8  Acetobacter  pasteurianus 


CH3-CI-UQH 


(Acetobacter 
acidum-mucosum) 


CH3-COOH 


ethanol 


acetic  acid 


Brown,  £.  Chem.  Soc.  2L,  638-42  (1887). 


Rx.  439 


CHi-CH*. 
OH  OH 

ethylene  glycol 
(1,2-ethanediol) 


Acetobacter  aceti 


CHfCOOH 
OH 

glycolic  acid 


Rx.  khO 


Seifert,  Zentr.  Bakt.  Paras itenk.  II  Abt..       385-99  (1897). 

Brit.  C.A.  2^  [ii],  399  (1898). 

Acetobacter  nasteurianum: 
(Bacterium  pasteurianum) 
A.  kntzingianum 

CHi-C^Hz  gjgggggi  CHRCOOH 

OH  OH  OH 


ethylene  glycol 


glycolic  acid 


-  161  - 


Banning,  Zentr.  Bakt.  Paras itenk.  II  Abt.  8,  4  53-6  (1902) 

Bri%.  C.A.  2g,fiil,  469  (1902.). 
Rx.  hkl 

Acetobacter  aspendens; 
A,  acetosum;  A.  aceti 

OH  OH 


HOOC-COOH 


ethylene  glycol 


oxalic  acid 


Hanaoka  §x  al..,  J_.  Agr.  Chem.  Soc.  Japan  2£,  (1952). 
£.A.         101l4f  (1954). 
Rx.  kh2 


a  soil  bacterium 


CH 


=  OH     (call9d  a  P*  bacterium)  OOCOOH 


C=C-COOH 


2 -propyn -l-ol 


1 , 3 -but adi -yne -1 , k -di c ar ■ 
boxylic  acid 


Brown,  £.  Chem.  Soc.  k%,  172-87  (1886). 


Rx.  hk3 


Acetobacter  aceti 
(Bacterium  aceti) 

CHi-CHrCHaOH  —   CH3-CHi-COOH 


l-propanol 


propionic  acid 


Seifert,  Zentf *  Parasitenk.  II  Ab^.  2,  337-^9  (1897). 

C.A.  2k  [ii],  399  (1898).  Acetobacter  nasteurianum; 

(Bacterium  pasteurianum) 
A.  M^WiffltfUi . 
(B.  ktltzingianum) 

CHs-CHarCH^OH  —  CHs-CH*-COOH 


Rx.  khh 


l-propanol 


propionic  acid 


-  162  - 


Visser't  Hooft,  "Biochemische  onderzoekingen  over  het  Geslacht  Acetobacter. " 

Thesis,  Delft  (1925). 


Rx.  445 


CH3-ChU-CH^OH 


Acetobacter  sp. 


CHa-CHUrCOOH 


l-propanol 


propionic  acid 
(29-75^) 


Le  Bel,  Conrot.  rend.  92.,  532-4  (l88l). 
Brit.  C.A.  1±0  [ii],  1021  (l88l). 


Rx.  446 


CH3-CH-CH*OH 
OH 


1,2 -propanediol 
(l, 2 -propylene  glycol) 


Bacterium  termo 


CHj-CH-COOH 
OH 


lactic  acid 


Gunsalus,  £.  Bacteriol.         239-44  (1947). 
C.A.  42,,  250a  (1948). 
Rx.  447 

Streptococcus  f aecalis 

CKrCH-CHUOH   -  CH3-CH-COOH 


6h  OH 


glycerol 


OH 


lactic  acid 


Seifert,  Zentr .  Bakt.  Parasltenk.  II  Abt.  J,  ~5YJ-k9  (1897). 

Brit.  C.A.  24  [ii],  ?99  (1898).    Acetobacter  nasteurianum: 
Rx    448  (BactBTium  pasteurianum) 


Ao  kfltzingianum 
(Bo  kiltzingianum) 

CH,-CK-CH,-CHaOH   =^  OH3- CHl- CH*- COOH 


l-butanol 


butyric  acid 


-  163  - 


Barker,  J_.  Biol.  Chejn.  157.  153-67  (1941). 
£.A.  2S,  14395  (19U1). 
Rx.  449 

Methanobacterium 
omeliapskii  and  CO2 

CHa-CHe-CH^-CHOH   CHa-CH^-CH^-COOH 


l-butanol  butyric  acid  (97$) 

Seifert,  Zentr.  Bakt.  Paras itenk.  II  Abt.  £,  337-49  (l89T). 
Brit.  C.A.  74  [ii],  399  (1898). 

Rx.  45O  Acetobacter  pasteurianum; 

(Bacterium  pasteurianum) 


A.  kutzingianum 


(B.  kfltzingianum) 

CHa-CH-CHaQH   -  CH3-CH-COOI 

CHa  CHs 


2-methyl-l-propanol  2-methylpropionic  acid 

(isobutyl  alcohol)  (isobutyric  acid) 


Hanaoka  et  aJU ,       Agr .  Chem.  Soc.  Japan  26.  151-4  (1952 ) . 
£.A.  Ifc8,  10114 f  (1954)o 

Rx'  451        CH*OH  9OOH 

c  c 

III  a  soil  bacterium  || 

Q  (called  a  P.  bacterium)  Q 


c 

III 


CHaOH  COOH 


2 , 4-hexad  i-yne -1 , 6  -d  iol 


product  believed  to  be 
l,3-butadi-yne-l,4-dicarboxylic  acid 


-  164  - 


Challenger  et  al. ,  Nature .  112,  ^  (1927) 
C.A.  21,  27155  (1927). 


Rx.  1+52 


CHO 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

CH*OH 


Aspergillus  niger 


COOH 
HC-OH 
HO-CH 
HC-OH 
HC-OH 

COOH 


glucose 


saccharic  acid 


Wunschendorff  and  Killian,  Conrot.  rend.  187.  572-4  (1928). 
£.A.  2i,  6359  (1929). 


CHO  CHO 

HC_OH  Ustulina  deusta  HC~OH 

HO_CH  (Ustulina  vulgaris)  ^_JO~CH 

Hd-OH  hJ-OH 

HC-OH  HC-OH 

CHz.OH  ioOH 

glucose  glucuronic  acid 


Takahashi  and  Asai,  Zentr .  Bakt.  Parasitenk.  II  Abt.  84,  193-5  (1931 ) 
C.A.  2 

Rx.  454 


C.A.  2^,  51902  (1931). 


Pjiq  Bacterium  industrium  CHO 

Vnw  var.  Hoshigaki  nov.  sp.  1 

HC_ OH  (possibly  a  synonym  of  HC" OH 

Acetobacter  roseus )  HO" CH 

HC-OH                            "~  HC-OH 

HC-OH  HC-OH 

CHzOH  COOH 


glucose 


1 -glucuronic  acid 
<25*) 


165  - 


Supniewski,  Blochem.  Z.  2M>  522-35  ( 192*0 . 
C.A.  li,  3118  (1925). 
Rx.  455 


CHaOH 

O-CH 
HC-OH 
KS>  HO-CH  O 
HC-OH 
HC  1 

salicin  (^HzOH 


Pseudomonas 
aeruginosa 
(Bacillus 
pvocvaneus ) 


COOH 

V-OH 


salicylic  acid 


Loicjanskaya,  Conrot.  rend,  acad.  sci.  U.R.&.S.  jjj.,  581-^  (1937). 
8 


£.A.  ^  6279  (1937). 
Rx.  k$6 


CH 


HC-OH 
HO-CH  O 
HC-O 
HC 


dHaOH 

cellulose 


SnoroCTtophaga 
KyxQcocoQifles 

(Spirochaeta  cvtophaga) 


CH 


HC-OH 
HO-CH  O 
HC-O- 
Hd— 


COOH 

polyglucuronic  acid 


-  167  - 


I.  Oxidation 

-P.  -c  ^-9- 

H  OH 


Murray  and  Peterson,  U.S.  2,662,089  (Dec.  8,  1953). 
£.A.  kQ,  12818c  (1954). 


10-normethyltestosterone  1405-hydroxy-lO-normethyl- 

testosterone 


Pederson  2l  aio,  J.  A&.  Chem.  Soc.  28,  1512-13  (1956). 
C.A.  50,  lii806d  (1956). 

Rx.  458  OH 


H 


Rhizopus 
nigricans 


OH 


19-nor t es  tos  ter one 


10  X-hydroxy-19-nortestosterone 
(1.2#) 


-  168  - 


Meister  et  al . ,  Abstr.  123rd  Mtg.  ACS.  L.A. ,  Cal . ,  March  1955.    p.  5c 


Rx.  459 


Mucor  sp. 


CH3 


OH 


testosterone 


l4a-hydroxy testosterone 
(35*) 


Murray  and  Peterson,  U.S.  2,662,089  (Dec.  8,  1953).    See  Murray  and 

C.A..  4£,  12818c  (1954).  Peterson,  U.S.  2,727,910  (Dec.  20,  1955) 

Rx.  460 


Mucor  griseocvanus 


OH 


testosterone 


l4a-hydroxy  testosterone 
(nearly  100$  of  crude  product) 


Fried  ejt  §1 . ,  Recent  Progr .  Hormone  Research  11,  149-61  (1955). 
C.A.         14141b  (1955). 
Rx.  461  CH3  CH3 

c=o  CO 


CHs 


Streptomyces 
aureofaciens 


progesterone 


possibly  8-  (or  9-)  hydroxyprogesterone 


-  169  - 


Meistar  et  aj,.,  £.  M*  Che©.  Soc.  26,  kO^O-l  (195*0. 
£.A.  !£,  9024g  (1955)- 


progesterone  11a, 17a-dinydroxyproges terone 


Dulaney  et  al.,  Appl.  Microbiol.  2,  372-4  (1955) 
C.A.  50,  27^1c  (1956). 
Rx.  463  (^H3 

c=o 


Dactylium 
dendroides 


progesterone 


11a, 17a-dihydroxyprogesterone 


Meister  et  al . ,  Abstr.  125rd  Mtg.  ACS.  L.  A.,  Cal. .  March .  1252..  P-  5° 


progesterone 


l4a-hydroxyprogesterone  (15$) 


-  170  - 


Murray  and  Peterson,  U.S.  2,670,358  (Feb.  23,  195*0. 
C.A.  k&,  6084a  (195*0. 


Rx.  ^65 


CHa 

c=o 


Helicostylum  piriforme: 
Mucor  parasiticus ; 
£3.  griseocvanus 


CHs 


9H3 

c=o 


OH 


progesterone 


Ika  -hydr oxyproge  s  t er one 


Fried  et  al. ,  Recent  Progr .  Hormone  Research  11.  149-81  (1955) • 

C.A.  jt2,  Ul4lb  (1955). 

CH3  CH3 

c=o  6=0 


Rx.  466 


progesterone 


Bacillus  cereus 


l4a-hydroxyprogesterone 


McAleer  and  Dulaney,  Arch.  Biochem.  Biophvs.  62,  111-12  (1956). 
C.A.  5a,  ll430h  (1956). 
Rx.  467  CHa  9Ha 

c=o 


c=o 


ch3  I  


Trichoderma  viride 


CH3 


OH 


progesterone 


17a-hydroxypr oge s xer one 


-  171  - 


Hayano  §i  al.,  Biochlm.  e£  Blonnvs .  Acta  21,  38O-I  (1956) 
C..A.  5£,  15728b  (1956). 
Rx.  468  CH3 


Cephalothecium 
roseum 


progesterone 


17a-hydroxyprogesterone 


Merck  and  Co.,  Inc.,  Brit.  759,751  (Oct.  2k,  1956). 
£. A.  ^,  9725b  (1957). 
Rx.  469 


Trichoderma  sp. 
(closely  related  to 
T.  lignorum) 


progesterone 


17a-hydroxyprogesterone 


Shull  et  al.,  U.S.  2,702,812  (Feb.  22,  1955) 


C.A.  50,  26891  (1956). 
Rx.  470  CH3 

c--o 


Curvularla 
lunata 


17a-hydr oxypr oge  s t erone 


lip,  Ika,  17a-trihydroxy- 
progesterone  (20#) 


-  172  - 


Meister  gi.. ,  J.  Am.  Chem.  Soc.  26,  4050-1  (1954). 
S..A,  h%,  902kg  (1955). 

Rx.  471  CHzOH 

6=0 


Cephalothecium 
roseum 


c=o 

?H-^- -OH 


11-desoxycorticosterone  (cortexone ) 


OH 

6p , 17a-dihydroxy-ll-desoxy ■ 
corticosterone 


Vischer  et  al.,  in  Wettstein,  Exnerientia  11,  465-79  (1955) 
C.A.  50,  65711  (1956). 
Rx.  472  CHaOH 


c=o 


9H*OH 

c=o 


Curvularia 
pallescens 


11-desoxycorticosterone 


possibly  8p-hydroxy-ll-desoxy- 
cort icos  terone 


Meister,  in  Stone  et  al. ,  J.  Am..  Chem.  Soc.  XL,  3926-7  (1955). 
C.A.  50,  3492e  (1956)o 

Rxo  ^73  CHzOH  CHaOH 


c=o 


c=o 


Mucor 
parasiticus 


11-desoxycorticosterone 


possibly  8p-hydroxy-ll-desoxy- 
corticos terone 


-  173  - 


Stone  et  al. .       M-  Chem.  Soc.  H,  3926-7  (1955) 
C..A.  50,  5^92e  (1956). 
Rx.  W 

ChUOH 

:=o 


Neurospora 
crass a 


CH2OH 


ll-desoxycorticos terone  (cortexone ) 


possibly  80  (or  9ot-)hydroxy 
-ll-desoxycorticos terone 


Meister  et  al.,  Abstr.  125rd  Mtg.  ACS.  Cal. .  March.  19*^.  p.  5c 


Rx.  475 


CHOH 
CO 


CHaOH 

c=o 


Miispx  mrjseQcyfln,W?; 
Helicostvlum  pirifor^e 


11-desoxycorticosterone  (or  acetate) 


l4a-hydroxy-ll-desoxycortico- 
s terone  (30-50$) 


Mann  gt  gL. ,  Federation  Proc.  Ik,  25I  (1955). 


Rx.  J+76 


Cunninehamella 
blakesleeana 


11-desoxycorticosterone 


14-nydroxy-ll-desoxycortico- 
s terone 


-  17^  - 


Meystre  et  al. ,  Helv.  Chim.  Acta  y[y  I5I+8-53  (195*0. 
Co A.  1£,  13797a  (195*0. 


Rx.  477 


CHaOH 

6=0 


Cephalotheciym 
roseum 
(Trichothecium  roseum) 


C^HaOH 

c=o 

c>k--OH 


ll-desoxycorticosterone 


17o>nydroxy-ll-desoxycortico^ 
sterone  {Reiehstein's  Cpd.  £>) 


Meistar  fit  al. .  J_.  Am.  Chem.  Soc.  76.  1*050-1  (195*0. 
C.Ao         902Ug  (1955). 


Rx.  478 


CHzOH 


Cephalothecium 
roseum 


CHzOH 

c=o 

r>k--OH 


ll-desoxycorticosterone 


11a, lT^-dihydroxy-ll-desoxy- 
corticosterone 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  195*0. 
C.A.  k6,  8551f  (1952). 


Rx.  479 


ChUOH 


9H*OH 

c=o 


Helicostylum 
•piri  forme 


17cc -hydroxy -ll-desoxy- 
corticosterone 


8 , 17a-di hydroxy-ll-desoxy - 
corticosterone  (app^ox.  8^) 


-  175  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952).  See  Murray  and 
C.A.  46,  8531f  (1952).  PeterSOn'  ^  2>6^>Q66  <Mar«  5°' 


Rx.  480 


CHaPH 

6=0 

<?HsX- — OH 


Helicostvlum 
piriforme 


CH*OH 

CHai,  Q|_| 


1 7a-hydroxy -1 1 -des oxy c  or t i c os  t er one 


14 , 17a-dihydroxy-ll- 
desoxycorticosterone 


Agnello  e_t  al.,  J_.  Am.  Chem.  Soc.  XL,  4684-5  0-955)- 
C.A.  50,  6491i  (1956). 
Rx.  481  ChUOH 

6=0 

^^k— OH  HQ 

Curvularia 
lunata 


CHaOH 
OH 


17Q!-hydroxy-ll-desoxycorticosterone 


14a:  -hyd  r oxy hydro  cortisone 


Meister  et  ai. ,  J_.  Am.  Chem.  Soc.  Z£,  4050-1  (1954 ) . 
C.A.  k2,  9024g  (1955). 
Rx,  482  CHaOH 


Q 


=0 


Cenhj^ot^eciuja 
roseum 


CH*OH 

c=o 

ch3i.__qH 


cortisone 


-  176  - 


Meistar^gt  al.,  Jo  A&.  Chem.  Soc.  2£,  4050-1  (1954). 
C.A.  its,  9024g  (1955). 


Rx.  483 


CH2OH 

c=o 


C^HaOH 

c=o 

OH 


Cephalothecium 
roseum 


corticosterone  170f-hydroxycorticosterone 

(hydrocortisone ) 


Meystre  et  al.,  Helv.  Chim.  Acta  22,  1 548-53  (1954). 
C.A.  48,  13797d  (1954). 
Rx.  484  CHUOH 

c=o 

Cephalothecium  roseum 
(Trichothecium  roseum) 


corticosterone 


cortisone 


Shull  and  Kita,  Belg.  538,327    (May  21,  1955). 
C.A.  reference  not  available 
Rx.  485  CHtO-C-CHa 

c=o  6 

CHsJ  OH 


Mycobacterium  smegmatis : 

M.  lacticola 
 ^  ?Hj, 


CH*QH 

c=o 

°>k--OH 


OH 


21-0-acetyl-17a-hydroxy- 
11-desoxycorticosterone 


14a, 17a-dihydroxy-ll- 
desoxycorticosterone 


-  177  - 

Murray  and  Peterson,  U.S.  2,727,911  (Dec.  20,  1955). 
Co A.  50,  108l8a  (1956). 


Rx.  486 


CH^O-C-CHa 

c=o  O 


Mucor 
griseocvanus 


9H^OH 


21-0-acetyl-llf-desoxy- 

cor t icos  ter one 


l4a-hydroxy-ll-dasoxy- 
corticosterone  (approx.  25$) 


I.  Oxidation 


I,  -CH3 


CH*OH 


Challenger  et^^l.,  J.  Chem.  Soc . .  200-8  (1927). 
£.A.  21,  1248  (1927). 

Rx.  4P7 

Aspergillus  niger 

CH3-COOH   — -  CHe.-COOH 

OH 


acetic  acid 


glycolic  acid 
(approx o  9$) 


-  178  - 


Zaffaroni  et  al.,  Experientia  11.  219  (1955) 
C.A.  4£,  12591h  (1955) • 
Rx.  488  9Ha 

c=o 


H 


CH3 


CH20H 

c=o 


Aspergillus 
niger 


19-norpr oges t er one 


19:nor-ll-desoxycorticosterone 


Zaffaroni  et  al. ,  £.  Am.  Chem.  Soc.  J6,  6210-11  (1954). 
C.A.  49_,  l4020g  (1955). 
Rx.  489  C^H3 

CHsJ-  OH 


H 


Ophiobolus 
herpotrichus 


H 


9H2OH 

c=o 


19-nor-17o;-hydroxyprogesterone 


-19-norpregnene-17a,21-diol- 
3,20-dione 


Wettstein  et  al.,  U.S.  2,778,776  (Jan.  22,  1957). 
C.A.  51,  9724a  (1957). 


Rx.  490 


CH3 

c=o 


CHzOH 
6=0 


Ophiobolus 
herpotrichus 


A  -dehydroprogesterone 


/C^-dehydro-ll-desoxy- 
corticos terone 


-  179  - 


Meystre  fiifll-*  Helv.  Chim.  Acta  57.  1548-53  (1954). 
C.A.  48,  13797d  (1954). 


Rx.  491 


CHa 

c=o 


progesterone 


Ophiobolus 
herpotrichus 


ChkOH 


ll-desoxycort icos  terone 
(60*) 


Zaffaroni  et  a!. ,  Exnerientia  11,  219  (1955). 
£.A.  4£,  12591h  (1955) « 
Rx.  492  (^Hj 


ChkOH 

c=o 


Aspergillus  niger 


progesterone 


11-desoxycorticos terone 


McAleer  and  Dulaney,  Arch.  Biochem.  Bionhvs.  62,  109-10  (1956 ). 
C. A.  50,  H430h  (1956). 
Rx.  493  CH3  CHaOH 


Wojnowicia 
graminis 


progesterone 


11-desoxycorticos terone 
(35-45$) 


-  180  - 


Wettstein  et  al.,  U.S.  2,778,776  (Jan.  22,  1957) 
C.A,  51,  9724a  (1957)= 
Rx.  494 


CH3 


Sclerotinia  fructicola; 
Ophiobolns  frerpotrinhns 


ChUOH 

c=o 


progesterone 


11-desoxycorticosterone 


Weisz  et  al.. ,  Naturwissenschaf ten  43.  39-40  (1956). 


C.A.  21,  U008d  (1957). 
Rx.  495  £^ 


3 

c=o 


CH3 


HO. 


a  strain  of 
Aspergillus 


9H*OH 

c=o 


progesterone 


lla,21-dihydroxyprogesterone 
(ll-epicorticosterone ) 


Rubin  et  al . ,  Bact.  Proc. .  33  (1956) 


Rx.  496 


c=o 


CHaOH 

6=o 


Curvularia  lunata 


progesterone 


corticosterone 


-  181  - 


Meystre  et.  ^1.,  Helv.  Chim.  Acta  21,  15^8-53  (195*0- 
C.A.  48,  13797d  (1954). 
Rx.  497  (^Ha 

:=o 

Ophiobolus 
herpotrichus 


ChUOH 

c=o 


11-ketoprogesterone 


11-dehydrocorticosterone 


Zaffaroni  et  .al.,  Experientia  11.  219  (1955) 
C.A.  49_,  12591h  (1955). 
Rx.  498  CH3 

c=o 


Aspergillus 


c=o 


11-ketoprogesterone 


11-dehydrocorticosterone 


Wettstein  et  aJL.,  1J..S.  2,778,776  (Jan.  22,  1957). 
C.A.  51,  9724a  (1957). 


Rx.  499 


Sclerotinia  fructicola; 
Ophiobolus  herpotrichus 


CHzOH 

c=o 

-OH 


A  -dehydro-ll-keto-17a-hydroxy- 
progesterone 


,/\  -dehydrocortisone 
(prednisone) 


-  182  - 


Wettstein  et  §1.,  U.S.  2,778,776  (Jan.  22,  1957). 
C.A.  51,  9724a  (1957). 
Rx.  500  CH3 

c=o 

Ophiobolus 
herpotrichus 


9HUOH 


ZV1-'  ^-pregnadiene  -lip ,  17a-diol 


1 > ^ -pregnadiene-lip , 17a, 2 1-triol 
(prednisolone ) 


Zaffaroni  et  al. r  Experientia  11.  219  (1955) 
C.A.  k£,  I259II1  (1955). 

Rx.  501  CH3 

c=o 


Aspergillus 
niger 


OH 

63 -hydr oxyproges terone 


ChUOH 

c=o 


OH 

6p ,21-dihydroxyproges terone 


Zaffaroni  et  a^.j  Experientia  11.  219  (1955). 
C.A.         12591h  (1955). 

Rx.  502  CHU 

Aspergillus 
niger 


HO> 


CH3 


CH2OH 

c=o 


lla-hydr oxyproges  terone 


lla,21-dihydroxyprogesterone 
(ll-epicorticos terone ) 


-  185  - 


Zaffaroni  et  a],.,  Experientia  H,  219  (1955) 
£.A.  L2.,  12591h  (1955). 


Rx.  503 


CH3 

c=o 


Aspergillus 


CH2OH 


llP-hydroxyprogesterone 


corticosterone 


Zaffaroni  fii  al.,  ExpeHftntia  n,  219  (1955). 
fi.A-  42>  12591h  (1955). 
Rx.  504  CH3 

c=o 


Aspergillus 

aiggr 


ChUOH 

c=o 


14C*-hydroxyprogesterone 


14a, 21-dihydroxyprogesterone 


Meystre  £t  al.,  Helv.  Chim.  Acta  2Z,  1548-53  (1954). 
C..A-  AS,  13797d  (1954). 
Rx.  505  CH2 


Qphiobolus 
herpotrichus 


CHaOH 

c=o 

CHsJ— OH 


17a-hydroxyprogesterone 


a5 


17a-hydroxy-ll-desoxycorticosterone 
(Reichstein's  Cpd.  S) 


-  18U  - 


Syntex,  S.  A.,  Brit.  7^9,9^3  (June  6,  1956). 
£.A.  51,  208Ub  (1957). 
Rxc  506  CHa 

c=o 

— OH  ■ 

Aspergillus 
Sieer 


17Q!-hydroxyproges  terone 


17a-hydroxy-ll-desoxy- 
corticosterone  (l8#) 


Vischer  et  al.,  Exr>erientia  12  ,  50-2  (1956). 
C.A.  50,  lUklflf  (1956). 
Rx„  507 


o  S1^ 
o-c  c=° 


CH3 


o 


Ophiofrolus 
herpotrichus 


~  CH2OH 

9  c=o 


Y-(ll.l8)lactone  of  d, 1-110 -hydroxy - 
— pregnene-3 , 20-dione-l8- 

 garhoagiifi   


r~(ll,  18) lactone  of  d-U0,21-di- 
hydroxy-      -pre  gnene  -3 , 2  0  -d ione  - 
 16-p.arbQxyHr.  ar.ifl 


-  185  - 


I.  Oxidation 


(arom. )  (arom. ) 

h.  c   C 

H  oh 


Sloane  et  al.,  £.  Biol.  Ghem.  19^.  ^53-8  (1951). 

C.A..  k6,  2623 f  (1952). 
Rx.  508  NH2. 


NHa 


Mycobacterium 
smegmatis 


aniline 


jx-arninnpnenol  o  (5$) 


Hughes,  Biochim.  et  Biophvs.  Acta  9_>  226-7  (1952), 
C.4-  hi,  2832h  (1953) . 
Rx.  509 


/VmnW  Pseu,d,omQn,a,s 
'  fluorescens 


•COOH 


nicotinic  acid 


6-hydroxynicotinic  acid 


Kluyver  and  van  Zijp,  Antonie  van  Leeuvenhoek  J.  Microbiol.  Serol .  1£, 

315-24  (1951). 


C.A.  1£,  5125b  (1952). 

rx.  5io  CH.-COOH 


phenylacetic  acid 


Aspergillus 
niger 


CKl-COOH 
/VoH 

homogentisic  acid  (I5.756) 


-  186  - 


Byrde  and  Woodcock,  Biochem.       65.,  682-6  (1957). 
C.A„  51,  887^e  (1957)= 

rx.  511        O-CHa-CDOH  O-CHz-COOH 

Aspergillus  niger 


phenoxyacetic  acid 


■OH 


o-hydroxyphenoxyacetic  acid 
(8,5*) 


Byrde  and  Woodcock,  Biochem.  J.  65,  682-6  (1957 ). 
C.A.  51,  887Ue  (1957). 

rx  512         O-CHz-CDOH  O-ChU-GOOH 


Aspergillus  niger 


phenoxyacetic  acid 


V 

OH 


p-hydroxyphjfflo^xyacetic  acid 


Byrde  and  Woodcock,  Biochem.  J.  65,  682-6  (1957). 
C.A.  51,  8874e  (1957)o 

Rx.  513        O-CHa-CHarCOOH  0-CHz-CH*-COOH 


Aspergillus  niger 


B-phenoxypropionic  acid 


B-  (o-hydroxyphenoxy )  ■ 
propionic  acid 


Byrde  and  Woodcock,  Biochem.  £.  6J2,  682-6  (1957). 
C.A.  51,  8871+e  (1957)» 

Rx,  5u         O-CHz-CHz-COOH  O-CH^-CH^rCOOH 

A  A 

Aspergillus  niger 


B-phenoxypropionic  acid 


OH  B-(p_-hydroxyphenoxy)- 


propionic  acid 


-  187  - 


Utkin,  Biokhimiva  1*5.  330-3  (1950). 
C.A.         216c  (1951). 

Rx.  515  CH^-CH-COOH 
^  NHz 


CH*rCOOH 


Aspergillus  niger: 
Penicii;iium  chrysogenum:  HO" 
P.  notatum 

tyrosine      OH  homogentisic  acid 


Byrde  and  Woodcock,  Biochem.  £.  65.,  682-6  (1957). 
G.4.  si,  887^9  (1957). 

Rx.  516        Q-(CH*VCOOH  O-CHz-COOH 


Aspergillus  niger 


y~phenoxy-n,-butyric  acid 


OH 


£ -hydroxyphenoxy - 
acetic  acid 


Byrde  and  Woodcock,  Biochem.  £.  £5,  682-6  (1957), 
C.A.  51,  8874e  (1957). 

b,.  517  0-fcH*VCOOH 

Aspergillus  niger 


<5-phenoxy-ii-valeric  acid 


0-CHa-CH*-COOI 


OH    P  -  (p-hydr oxyphenoxy ) 
propionic  acid 


Wada,  Arch.  Biochem.  Biophvs .  Q\,  2kh-6  (1956). 
£.4.  11,  553e  (1957). 
Rx.  518  r|,  _ni. 


fVCH    ,CH*   Pseudomonas  sp.     [.   %~C ~fc Hi),-COOH 

!  6 


nornicotine 


HO-k  ^ 

3 -sue  c  inoy 1 -6 -hydroxypyr idine 
(approx .  38$) 


-  188  - 


Wada,  Arch.  Biochem.  Biophvs .  6k.  2kk-6  (1956). 
C.A.  51f  553e  (1957). 

(  ^VCH  CHz 


Y 
CH3 


Pseudomonas 
sp. 


nicotine 


r/V-C-(CH0irCOOH 


o 


3 -sue c inoy 1 -6 -hydroxy - 
pyridine  (12.5$) 


Mitoma  et  al . ,  Nature  175.  994-5  (1955).    See  ibid. .  Arch.  Biochem. 

C.A.  12,  lU06d  (1955).  Ei2liffla-  ^  122"5°  (1956) 


Rx.  520 


-CHz-CH-COOH 


HO 


NHa 


H 

tryptophane 


Chromobacterium 
violaceum 


-CH*-CH-COOH 
|s|Ha 


N 
H 


5-hydroxy tryptophane 


Byrde  et  al.,  Biochem  J  6k,  I5U-6O  (1956) 
C.A.  50,  I6955g  (1956) 


Rx.  521 


■O-CHrCOOH 


r^N^Vo-CHz-COOH 


Aspergillus 
niger 


2-naphthyloxyacetic  acid 


HOV^ 


6 -hydroxy -2-naphthyloxyacetic  acid 


Byrde  et  al.,  Biochem.        6k,  154-60  (1956). 
C.A.  50,  I6955g  (1956) 
Rx.  522 

f^^^Wo-tHJi-OOOH  f^\/Vo-(CH4-COOH 


Aspergillus 
niger 

3-  (2  -naphthyloxy )  -propionic 
acid 


HO 


3  -  (6  -hydroxy -2  -naphthyloxy  )  - 
propionic  acid 


-  189  - 


Byrde  et  al„,  Biochem.  J„  6k,  (1956)0 
C.A.  50,  l6955g  (1956). 
Rx.  523 


W 


Aspergillus 
niger. 


HO 


•  (2  -naphthyloxy )  -alkanoic 
acid  (where  n  =  3,5,7  or  9) 


6 -hydroxy -2- 
naphthyloxyacetic  acid 


Byrde  et  al.,  Biochem.  £„  6k,  15^-60  (1956) 
C.A.  50,  I6955g  (1956). 
Rx.  52U 

r^YVo-CCH^OOOH 


vv 

td-  (2 -naphthyloxy  )  -alkanoic 
acid  (where  n  -z.k,6  or  8) 


Aspergillus 
Siger 


0 

1 

3 -  (6 -hydroxy -2 -naphthyloxy ) - 
propionic  acid 


Ji.  -CHzr 


o 


Walker  and  Coppock,  Chem.  Soc . .  803-9  (1928). 
£.A.  22,,  239^9  (1928). 


Rx.  525 


CHa-CHerCOOH   CHa-C-CQOH 

Aspergillus  A 
niger  W 

propionic  acid  pyruvic  acid 


-  190  - 


Starkle,  Biochem.  Z.  151,  371-412  (1924). 
£,A.  12,  22448  (1925). 

Rx-  526  Penicillium 
y       ,  glaucum 

CHs-^H^s-CHrCOOH  »  CHa-CHrCHarC-CHa 

caproic  acid  me thyl-n -propyl  ketone 

(ammonium  salt) 

Karabinos  and  Ferlin,  Enclides  (Madrid)  16,  171-5  (1956). 
C.A.  51,  1065^+g  (1957) • 

527  Aspergillus  tamarii : 

other  Aspergillus  sp. 

CHa^CH^CH^-COOH   -  CHs-CHrCHrC-CH, 

O 

caproic  acid  me thy 1-q -propyl  ketone 


Sta'rkle,  Biochem.  Z.  151,  371-412  (1924). 
C.A.  12,  22448  (1925). 

Rx.  528  Penicillium  glaucum: 

Aspergillus  sp. 

CH3-(CHa)^HaKX)OH   -  CH3-(CHz)3-C-CM3 

O 

oenanthic  acid  methyl -a-butyl  ketone 
 (from  fat)  

Karabinos  and  Ferlin,  Euclides  (Madrid)  16,  171-5  (1956). 
C.A.  2L  10654g  (1957). 
Rx.  529 

Aspergillus  tamarii; 
other  Aspergillus  sp.  .  . 

CHs-(Cht)^CHrCOOH   -  CHa-^H^-C-CHa 


oenanthic  acid 


methyl-n,-butyl  ketone 


-  191  - 


Startle,  Biochem.  Z0  151,  571-412  (1924) 
C.A. 
Rx.  530 


C.A.  12,  22448  (1925) 


Penicillium 

/       \  glaucum  /  \ 

CH3-(CH^CHz-COOH   CH3-(CH^C-CH3 

caprylic  acid  methyl -n-amyl  ketone 

(ammonium  salt) 


Karabinos  and  Ferlin,  Euclides  (Madrid)  l6,  171-5  (1956). 
C.A.  51,  10654g  (1957). 

"x*  531  Aspergillus  tamarii: 

other  Aspergillus  sp. 

CHa-fCHzJ-CHerCOOH   -  CH3-(CH*)-C<:H3 


caprylic  acid  methyl -n-amyl  ketone 


Hockenhull  et  al . ,  Biochem.  £.  50,  605-9  (1952). 
C.A,  46,  5129d  (1952). 

rx.  532         CHrCOOH  HOO 

^✓Av  Penicillium  /^Xs 


chrvsogenum 


phenylacetic  acid  benzaldehyde 


Stflrkle,  Biochem.  Z.  151.  371-412  (1924) 
C.A. 
Rx.  533 


C.A.  12,  22448  (1925). 


Penicillium  glaucum. 
Aspergillus  sp. 

CH3-(CHz)-CH*-COOH   —  CH3-(CH4-C-CH3 

6 

pelargonic  acid  methyl -n-hexyl  ketone 

(from  fat) 


-  192  - 


Karabinos  and  Ferlin,  Enclides  (Madrid)  l£,  171-5  (1956). 
C.A.  51,  10654g  (1957). 

^34  Aspergillus  tamarii: 

other  Aspergillus  sp. 

CHa-fbH^-CH^-COOH   CH3-(CH4-C-CH3 

6 

pelargonic  acid  methyl-n,-hexyl  ketone 


Starkle,  Biochem.  Z-  1SL,  371-412  (1924). 
C.A. 
Rx.  535 


C.A.  IS,  22448  (1925). 


Penicillium 
glaucum 

CH3-(CHa)7CH&-COOH   -  CHa-fCH^C-CH* 

O 

capric  acid  methyl-a-heptyl  ketone 

(ammonium  salt) 


Starkle,  Biochem.  Z.  25L,  371-412  (1924). 
£.A.  12,  22448  (1925). 
Rx.  536 

Penicillium 

,  glaucum  . 

CH3-(CHa)^CH£-COOH   -  CH3-(CHa)-(^-CH3 

lauric  acid  methyl -a-nonyl  ketone 

(from  trilaurin) 

Karrer,  "Organic  Chemistry,"  4th  Engl,  ed.,  Elsevier  Publishing  Co.,  Inc, 

New  York,  N.Y.  1950.    p.  217ff. 

See  Acklin,  Biochem.  £.  ZQA,  253-74  (1929). 

Rx.  537  .__  . 

Penicillium 

CH3-(CHz)-Cht-COOH   CH,-(CHa)-9-CH, 

O 

myristic  acid  methyl-a-undecyl  ketone 


-  193  - 


Murray  and  Peterson,  U.S.  2,692,273  (Oct.  19,  195k) 
C.A.  k9,  11732b  (1955) 

Rx.  538 

OH 


Rhizopus 
reflexus 


10-normethyltestosterone 


10-normethylandrostane- 
17fi-ol-3,6-dione 


Eppstein  et  al.,  £.  A&.  Chem.  Soc.         317^-9  (195*0.    See  U.S.  2,692,273 

(Oct.  19,  195*0. 

C.A.  k2,  90211  (1955). 
Rx.  539 


Rhizopus 
reflexus 


testosterone 


H  O 

andros  t ane -17P -ol -3 , 6 -dione 


Murray  and  Peterson,  £an.  506,689  (Oct,  19,  195*0 .    See  U.S.  2,703,326 

(Mar.  1,  1955). 


C.A.  reference  not  available 
Rx.  540  CH3 


c=o 


Rhizopus 
arrhizus 


CH3 

c=o 


5 

A  -pregnene-3P-ol-20-one 


A^-pregnene-3P,lla-diol-7,20-dione 
(17.5^) 


-  19k  - 


Murray  and  Peterson,  U.S.  2,602,769  (July  8,  1952). 
C.A.  k£,  8331f  (1952). 

rx.  5U1  ChUOH 

>o 

.CH5Ar-OH 


Cunninghamella 
blakesleeana 


CHUOH 

6=0 


17a-hydroxy-ll-desoxy  corticosteroid 


cortisone 
(9.5-13.0^) 


o 


Butenandt  and  Dannenberg,  Naturvissenschaf ten  20,  52  (19^2) 
c.A.  21,  152  9  (1943). 
Rx.  542 

-ch3  r^>cH3 


Krebs  coli  bacterium 
(probably  a  variety 
of  E.  coli) 


10,13,20-trimethylhexadeca- 
nydrocholanthrene 
(dehydronorcholene ) 


22 -ke todehydronorcholene 
(15-18*) 


-  195  - 


I .  Oxidation 


(D       ©  © 

-CH-C  —  -C1 

*        6  6 


Vischer  and  Wettstein,  Bxnerientia  9.  371-2  (1953). 
C.A.  1^8,  5268h  (195*0. 
Rx.  5^3 


OO  O 


progesterone  ^  '  -androstadiene-3 , 17-dione 


Fried  §i  al.,  £.  Am.  Chen.  Soc.  15,  576V 5  (1953). 
C.A.        12758g  (195*0. 


progesterone  £± 1 ' ^-androstadiene-3 , 17-dione  (7$) 


-  196  - 


Vischer  sial.,  Helv.  flhlm.  Acta  ^8.  835-40  (1955). 
£.A.  50,  12095b  (1956). 

Rx.  5^5  9Ha 

c=o 


Calonectrla  decora 


progesterone 


A^'k-androstadiene-^lT-dione 


Peterson  si  £•  4a-  Chem.  Soc.  12,  5768-9  (1953). 
C..A.  l£,  366a  (1955). 

Rx.  ^-6 


c=o 


Gllocladlum  catenulatum: 
Penlcilllum  lilaslflMffi; 
Aspergillus  fifths 

CHs 


o 


progesterone 


-androstene-3,17-dione 


Bodanszky  al.,  Exnerlentla  H,  38^  (1955). 
2..A.  ^,  U290d  (1956) 


Rx.  5^7 


c=o 


CH3 


CenhalosDorlum 
subvertlclllatum 


CHs 


o 


progesterone 


/^-androstene-3, 17-dione 
(approx.  ho4>) 


-  197  - 

Szpilfogel  e£  al.,  Res.,  trav.  chim.  75.  h02-k  (1956). 
£.4.  5£,  13162a  (1956). 

Rx.  5W  9Ha 

c=o 


Fusarium  solanft 


progesterone 


-androstene-3, 17-dione 


Peterson  et  al. ,  £.  Ajn.  Chem.  Soc.  15.,  5768-9  (1953). 
£.4.  iki,  366a  (1955). 
Rx.  5^9 


GUQfflQflfrfln 
catenulatum 


progesterone 


6p-hydroxy-AM'-androstene-3, 
17-dione 


Vischer  and  Wettstein,  Exnerientia  9_,  311-2  (1953) 
£.4.  it8,  5268h  (195*0. 

Rx.  550  CH3 

c=o 


Fusariwn  sola&i; 
£.  caucasicum 


HO' 

Z\  5-pregnene-3P-ol-20-one 


/\     -androstadiene-3, 17-dione 


-  198  - 

Kita  and  Sbull,  in  Shull,  Trans.  N.I.  Acad.  Sci.  12.,  1^7-72  (1956). 
5L,  W5c  (1957). 
fix.  551  9Hs 

c=o 


CH3 


Pvcnodothis  sp. 


/V^-pregnene-56-ol-20-one 


androstadiene-5, 17-dione 


Cape*  si  al.,  Naturwis sens chaf  ten  l£,  ^71  (1956). 
C.At  reference  not  available. 
Rx.  552 

Aspergillus  orygfte  (20%) 

A.  chevftljerl; 
Penicillium  cj^rj,n\BB; 


CHa 


other  Pen,  sp. 


11 -ke to  progesterone 


adrenosterone 


Rx.  553 


Capek  si  fil«,  Naturwissenscnaften  ltf,  Vfl  (1956). 
C.A.  reference  not  available. 

Ha 

=o 

Aspergillus  oj^aS.(20^H^ 
A.  chevalier! ; 


CH.I 


lla-hydroxyprogesterone 


lla-hydroxy-Z^-androstene-3, 
17-dione 


-  199  - 


Peterson  g£.  fil. ,  £.  Affl-  Chem. 
£.4.  42,  566a  (1955). 
Rx.  55!*  CH3 

:=o 


Soc.  25*  5768-9  (1953).  (Footnote  6) 


UJLasiaaa 


lte-hydroxyprogesterone 


lto-hydroxy-^^-androstene-J, 
17-dione 


Vischer  and  Wettstein,  Exnerientia  Q.  371-2  (1953). 
C.A.  W3,  5268h  (195*0. 
Rx.  555  9H*OH 


CO 


rosarium  solani: 
F.  caucaslcum 


11-desoxycorticosterone 
( cortexone ) 


/N1 '  1<"-androstadiene-3, 17-dione 


Peterson  ei  §i.,  £.  Am.-  Chem.  Soc.  15,  5768-9  (1953).  (Footnote  5) 
£.A.  42,  366a  (1955). 

CI-kOH 

c=o 


Aspergillus  and 
Penlcillium  sp. 


Hx.  556 


11-desoxycorticosterone 


/\  -androstene-3, 17-dione 


-  200  - 


Peterson  gi  al.,  J_.  Afl.  CJaeja.  §o£.  Z5>  5768-9  (1953).  (Footnote  5) 
2..A.        366a  (1955). 


Rx.  557 


CH*OH 


Aspergillus  and 
Penlcillium  sp. 


17o-hydroxy-ll-desoxycorticosterone 
(Reichstein's  Cpd.  S) 


-androstene-3, 17-dione 


I.  Oxidation 


A-CH*OH   -CHO 


Yamada,  Bull.  Agr .  Chem.  Soc.  Japan  2,  76-83  (1927). 
£.4.  2£,  8415  (1928). 


Hx.  558 


Acetobacter  xylinum; 
Sake  yeasts 
miifl  aqoma.la  var.  sake"  . 
(probably  Hansenula  anomala ) 

CH3-CHt-CH*OH   -  CHa-CHt-CHO 


l-propanol 


propionaldehyde 


-  201  - 


Goepfert,  J.  Biol.  Chero.  525-51*  (19^1). 

S..A.  25,  66181  (19^1). 
Rx.  559 

Fusariuip  3jnj 

CHa-CHa-ChkOH   CHa-CH^-CHO 


l-propanol  propionaldehyde 

(very  low  yield) 


Goepfert  and  Nord,  Arch.  Biochem.  i,  289-5OI  (19^2). 
£.A.  22.,  H5^9  (19^5). 

Rx.  56O  _       .  . 

Fusarium  linX 

ChUrCH-C^Ha,   -  CH*-CH-CHO 

OH  OH  OH  OH  OH 

glycerol  glycerose 


Yamada,  Bull.  Agr.  Chem.  Soc.  Japan  5.  76-85  (1927). 
22,  84l5  (1928). 

rx.  561  yeaat^    ,  / 

Willia  ajjOffl^la  var .  sflfce 
(probably  Hansenula  anomala) 

CHa-OH^-CKrCHiOH   C>£-CH*rCH«-CHO 


l-butanol  a-butyraldehyde 


Goepfert,  J.  Biol.  Chem.  H»0.  525-3^  (19M). 
22,  66181  (19M). 

Rx.  562 

Fusarium  lini 

CH3-CHi-CHirCH*OH   CH3-CH*-CHa-CHO 


l-butanol  n-butyraldehyde 

(very  low  yield) 


-  202  - 


Yaaada,  Bull.  Agr.  Chem.  Soc.  Japan  2,  76-83  (1927). 
C.4.  2£,  8M5  (1928). 
fcc.  563 

yeasts 

CHb-CH-CH^OH   CHa-C^H-CHO 

CH3  CH3 

2-aethyl-l-propanol  2-methylpropionaldehyde 


Tamada,  Bull,  £gr_.  Chem.  Soc.  Japan  2,  76-83  (1927). 
£.4.  22*  8M5  (1928). 


Ex.  56* 


CH,-CH-CH*-CH*OH 


Sajce  yeast; 

lillia.  &££JB§lA.  var .  as3s£ 

(probably  Hansenula  ^noroala) 

 -  CHa-CH-CH^-CHO 

CH3 


3-aethyl-l-butanol 


3-methylbutyr aldehyde 


Bernhauer  and  Irrgang,  Blochem.  Z.  2§0_,  36O-6  (1935). 


1085""  (1936). 

Ex.  565 

COOH 

h£-oh 

HO-CH 
HC-OH 
HC-OH 
CHaOH 


Acetobacter  gluconicum 
(Bacterium  gluconicum) 

A.  soizm  (26%) 

(£.  xvllnum) 


COOH 
H9-OH 
HO-CH 
HC-OH 
Hd-OH 

CHO 


gluconic  acid 


aldebydogluconic  acid 


-  203  - 


Hockenhull  si  al->  Biochem.  £.  5Q,  605*9  (1952) 
£.4.  l&,  5129d  (1952). 

Rx.  566 


CH*OH 


CHO 

A 


benzyl  alcohol 


benzaldehyde 


Dceda,  £.  Agr.  Chem.  Soc.  Japan  2&,  538-43  (195*0.  See  Dceda,  Ibid.  26, 

,  ^,     ,  90-5  (1952).    C.A.  Mj 

£.A.  50,  I696M  (1956).  10115h  (195*0- 


Rx.  56T 


CH*OH 

HO-9H 

HC-OH 
H^-OH 
CHzOH 


Glueonoacetobacter  roseus 


CHO 
C=0 


(probably  Acetobacter  rose^s )  j_|q_£^ 

*~  HC-OH 
HC-OH 
ChUOH 


fructose 


glucosone 


-  20k  - 


I.  Oxidation 

1      1  I 

JL  -c-ch   ■ — c-o-c- 


Fried  filfll.,  £.  Affl.  Chem.  Sas..        57&-5  (1953). 
£.A.  l&  I2758g  (195*0- 
Rx.  568  CH3 

c=o 


progesterone  testololaotone  (70i) 


Peterson  ei  §1.,  J..  Aju  fijaga.  goi.  2^  5768-9  (1953). 


£.A.  h&  566a  (1955). 


progesterone 


testololaotone 


-  205  - 


Bodanszky  fii  al.,  Exnerientia  11.  ^  (1955) 
£.A.  5S>  **290d  (1956). 
Rx.  570  C^Ha 


aqbvertlcillatum 


progesterone 


testololactone  (approx.  *k4>) 


Capek  el  al.,  Naturwiaaenachaften        kll  (1956) 
C.4.  reference  not  available. 
Rx.  571  CH3 


CHs 


Aspergillus  orygae 


progesterone 


tee tololac  tone 


Szpilfogel  atal.,  Rec.  trav.  chim.  IS,  1+02-4  (1956). 

5k  13162a  (1956). 
Rx.  572  CH» 

':=o 


o 


progesterone 


^  -dehydrotestololactone 


-  206  - 


Peterson  gfe  §1.,  J.  Bacteriol.  li,  66^-8  (1957). 
5021c  (1958). 

Rx.  573  CH3 

:=o 


Cylindrocarpon 
radicicola 


progesterone 


/\  -dehydrotestololactone 


Shull  and  Bloom,  in  Shull,  Trans.  £.X.  Acad.  Scl.  12,  lVf-72  (1956). 

£.A.  5L  ^95c  (1957). 

CHzOH 


Rx.  57^ 


Fuaarium  sp. 


11-desoxycorticosterone 
( cortexone ) 


/\  -dehydrotestololactone 


Peterson  §i  al..  i-  Agi.  Chem.  §22..        5768-9  (1953). 
SL.A.  l£,  366a  (1955). 
Rx.  575 


Aspergillus  fiaviis 


17ot-hydroxyprogesterone 


testololactone 


-  207  - 


Kita  and  Bloom,  in  Shull,  Trans.  N.Y.  Acad.  ScJ,.  12,  lkl-12  (1956). 
£.A.  2L,  ^95c  (1957). 
Rx.  576  CHaOH 


Curvularia  lunata 


17a-nydroxy-ll-desoxycorticosterone  testololactone 


I.  Oxidation 


CD       ®  © 

tOc—       —  "C-OH 
HO  H 


Fried  ei  §1..,  £.  Ajj.  Chero.  Soc.  15,  5764-5  (1953). 

C.A.  !t8,  l2758g  (195*0. 

^H3 
=0 


lavendulae 


fix.  577 


progesterone 


1  h 

/V  '  -androstadiene-17p-ol-3-one 
(12*) 


-  208  - 


Hanc  e£  §2.. ,  Arzneimittel-Forsch .  I,  175-6  ( 1957 ) . 
5L,  9796h  (1957). 
Rx.  CH3 

Penicillium  notatum  (62*); 
Pen,  citrlnum: 

£ejL.  flsgsaflMaas 


progesterone 


testosterone 


Hanc  slai.,  Arzn9lffliU?l-Forg<?h.  I,  175-6(1957). 
£.4.  51,  9796h  (1957). 
Rx.  579 

c=o 

Penicillium  citrlnum: 

Pen-  HQtfltWn; 
Pen,  decumbens 


17a-hydroxyprogesterone 


testosterone 


C^apek  ei.  al. ,  Naturwissenschaf ten  kl.  kfl  (1956). 
C.A.  reference  not  available. 


Rx.  580 


CH3 

c=o 


Aspergillus  oryzae  (124) 

4.  chevalier! : 
Penicillium  citrlnum: 
other  Penicillium  sp. 

CH3 


11-ketoprogesterone 


11-ketotestosterone 


-  209  - 

Han£  si  si.,  Arzneip jttej-For gch. .  2,  175-6  (1957). 

£.A.  2L,  9796n  (1957). 
Rx.  581 


(51*);  £S&.  ct^lfltfn; 


£en,  decuflbens 


ll-ketoprogesterone 


11-ketotestosterone 


Sapek  si  fil.j  Naturwissenschaften  ^  kjl  (1956). 
C.A.  reference  not  available. 


Rx.  582 


Aspergillus  oryzae  HOv 
(^5*); A.  chevalier i: 

gsBjamiuffl  sitetom} 

other  EsalcJlllufl  sp. 

S-H3 


CH3 


H 


lla-hydroxyprogesterone 


lla-hydroxytestosterone 


HanS  et  §JL.,  Argneimittel-For sch .  J,  175-6  (1957). 
£.4.  2U  9796h  (1957). 

Rx.  585  CH3 

':=o 

Penicillimn  sjfcElBMBU 
Pen,  no ta turn: 

Esa.  agguiabfiaa 


lla-hydroxyprogesterone 


lla-hydroxytestosterone 


-  210  - 

Fried  et  al. .  Recent  Progr .  Hormone  Research  11,  1^9-81  (1955)- 
C.A.  *t&,  Ul^lb  (1955)- 
Rx.  5^ 


l6a-hydroxyprogesterone  l6a-hydroxytestosterone 


I.  Oxidation 


T\.  -CHrCH- 


-CH=C- 


Hayakawa,  Proc.  Japan  Acad.  3Q.  133-8  (195*0- 

C.A.  50,  388c  (1956). 

"  CH3 

HY  HC-(CHz)rCOOH 


Rx.  585 


HO' 


CH3 


a  strain  of 
Actinomyces 


H 


Hv  "OH 

cholic  acid 


CH3 

O  HC-COOH 

CH3, 


CH3 


probably  7a-hydroxy-A^>9'n)-3,12- 
diketobisnor-choladienic  acid 
( approx .  7.3*) 


-  211  - 


Hayakawa  et  al . ,  Proc.  Japan  Acad.  32,  519-22  (1956). 
£.4.  3b  2iiif  (1957). 
Hx.  586                   CH3  CH3 

H9  HC-fcH^irCOOH  O  HC-fcH^-COOH 


Strentomyces 


HO" 


cholic  acid 


5,12-diketo-^'^-choladienic  acid 


Hayakawa  e£  al.,  J.  Biochem.  (Japan)  k^j  723-50  (1956). 
S..A.  21,  2111d  (1957). 
Rx.  587 


H9  hc-(ch4-cooh 


Strentomyces 
gelaticue 


O  HC-COOH 

CH3 


HO' 


"OH 

cholic  acid 


7a-hydroxy-3 , 12-diketo-Z^^-bisnorcholenic 

acid 


Eguchi,  J_.  Biochem.  (Japan)        8l-5  (1957). 
£.4.  51,  8872g  (1957). 
Rx.  588    CHa 


CH3 

1 


H?  HC-fcH2)rCOOH        HO  HC-(CHz)a-COOH 


a  soil  bacterium 

CI 


HO' 


cholic  acid 


probably  Ja,  12a-dihydroxy-3-keto^X 
cholenic  acid 


-  212  - 


Hayakawa  slal..,  J_.  Biochem.  (Japan)  kk,  109-13  (1957). 
£.A.        88T2h  (1957). 
Rx.  589  9Ha  QHa 

HQ  HC-(CH4-COOH  OH^-COOH 


CH3 


Streptomyces 
gelaticus 


H 

cholic  acid 


T  12-dlketo-/sN  ^-bianorcholadienic  acid 


Horvath  and  Kramli,  Nature  l60.  659  (19^7). 
)&*  1986i  (19^8). 
Rx.  590  <YH3  , 

:H-fcH»)rCH-CH3 

an  Azotobacter  sp. 
(later  named  A. 
oxydans— see  £..4. 
2055d) 


CHj  CH3 
CH-fcHi)3-CH-CH3 


HO' 


HO' 


cholesterol 


-dehydrocholesterol 


-  213  - 


I .  Oxidation 


cr.  -CH  =CH-   ■  C-CHe 

O 


Thaler  and  Eisenlohr,  Biochem.  Z.  2QQ,  88-102  (19*H). 
C.A.  2L  1551  (19^3). 


Rx.  591 


Penicillium  glaucum 

CH3-CH=CH-COOH   CHa-£-Ch3 

6 

crotonic  acid  acetone 


Thaler  and  Eisenlohr,  Biochem.  Z.  308.  88-102  (19^1). 
£.A.  2L,  1551  (19*3). 
Rx.  592 

Penicillium  glaucum, 

CH3-(CH4-CH=CH-COOH  -  CH3-CH*-CHc-C-GH» 

6 

2-hexenoic  acid  2-pentanone 


Thaler  and  Eisenlohr,  Biochem.  Z.  308.  88-102  (19*1). 
2..A.  2L,  1551  (1943). 

Rx.  593 

CH3-fCHa)eCH=CH-COOH  — —  CH3-(CH4-C-CH3 

6 

2-decenoic  acid  2-nonanone 


-  211+  _ 


Thaler  and  Eisenlohr,  Biochem.  £.  506.  88-102  (19*H). 
C..A.        1551  (19^3). 
Rx.  59^ 

Pffllolllimn  glausum 
CHs-(CHz)-CH=CH-COOH   -  CH^CH^-C-ChU 

O 

2-tetradecenoic  acid  2-trideoanone 

( n-undecylmethyl  ketone) 

Pigulewski  and  Char  Ik,  Biochem.  g..  200  .  201-10  (1928). 

S..A.  2i,  6209  (1929). 
Rx.  595     ,  , 

CH-(CHz)7-COOH    Microorganisms     0=C -(CHz)7  .-COOH 
II   J 

CH-(CH*)7-CH,  (CH*)Q,7-CH3 


oleic  acid 


(9  or  10T)-keto8tearic  acid 


-  215  - 


I.  Oxidation 


-C=CH- 


—  -C-CH 

\  / 
O 


Bloom  and  Shull,  £.  Afl.  QiSffi.  §22..  H,  5767-8  (1955). 
£.4.  5&  5^2f  (1956). 
Rx.  596  CHaOH 

CO 
<?h,X— oh 

Curvularia  Xifflaigj 
Cunninghamella  MaJ&§&^nsU 


/\^*9(ll )_pregnadiene-17a,21-diol- 
5,20-dione 


/\^-9P, llp-epoxidopregnene-17ot, 21- 
diol-3>20-dione 


Bloom  si  ai..,  in  Shull,  Trans.  N.X.  Acad.  Ssi.  12,  M-72  (1956). 


£.A.  51,  I^95c  (1957). 
Rx.  597  QHaO 


HC-OH 

CH.J  OH 


^,9(11) 


-pregnadiene-17a, 21-diol- 
5,20-dione 


-pregnene-9p,lip-epoxido-17a, 
20p, 21-triol-3-one 


-  216  - 


Bloom  and  Shull,  £.  Am.  Chem.  S^c.  H,  5767-8  (1955). 
C.A.  ^0,  5&^2f  (1956). 
Rx.  598  C^HaOH 

;=o 

-OH  gycoaaEia 

Helicostvlum  tlftfom; 

Mucor  sp.;  Cvmning- 


/^^A^,pregnadlene-17a.21-dlol- 
3,20-dione 


-lto,  15a-epoxidopregnene-17a,21- 
diol-3,20-dione 


Bloom  §1  si-,  In  Shull,  Trans.  N.X.  Acad.  Sci.  1^7-72  (1956"). 
C.A.  a,  4495c  (19?T). 

Rx.  599                        £H«OH  9HzOH 

>=o  c=o 

cmjx — OH  HO^^^^hDH 

Curvularla  luuaifl. 
  ^9%, 


^4  >  ^.pregnadiene-na,  21-dlol- 
3,20-dione 


y\^-l4af  15a-epoxidopregnene-llp,  17a, 
21-tr iol-3, 20-dione 


-  21?  - 


I.  Oxidation 


t 


Takahashi  and  Asai,  ?roc.  Imp.  Acad.  (Japan)  2,  86-9  (1927). 

Q..L>  8L,  36^75  (1927). 
Rx.  600 

CH3-COOH   HOOC  -CH*- CHt-COOH 


acetic  acid  succinic  acid 

(Ca  salt) 


Butkewitsch  and  Pedoroff,  Bioehem.  g..  2QL  302-18  (1929). 
22,  5W89  (1929). 

Rx.  601 

Rhisopus  njfflrigans 

CH3-COOH(M^Ej52^f?rHOOC-CHa-CHarCOOH 


acetic  acid  succinic  acid  (15-50$) 


Wieland  and  Sonderhoff,  Am.  I*22j  213-28  (1932). 
C.A. 
Rx.  602 


C.A.  2L  l&V*  (1933). 


impoverished  yeast 

CH3-COOH  —   HOOC-CHarCHa-COOH 


acetic  acid 


succinic  acid 
(5$  of  acetic  acid  consumed) 


-  218  - 


I .  Oxidation 

(arom . ) 

T.  ~CH=CH-   -  -CH-C^H- 

OH  OH 


Walker  and  Wiltshire,  £.  gen..  Microbiol.  8,  273-6  (1953). 
£.A.  1H,  6^99b  (1953). 

Rx.  603  ^  ^ 

a  soil  bacterium 


H 


naphthalene 


OH 


d -trans -1 , 2-dihydro-l, 2- 
dihydroxynaphthalene 


Treccani  §!§!.,  £.  QSR.  Microbiol.  H,  3^1-8  (1951*). 
£.A.  k£,  3309i  (195^). 


Rx.  60k 


naphthalene 


a  Pseudomonad  closely 
resembling  Pseudoroonas 


desmolvticum:  a  Nocardia 


HO^h 


strain;  £s.  sp. 


H 


OH 


d-trans-1 , 2-dihydro-l, 2- 
dihydroxynaphthalene 


Walker  and  Wiltshire,  J.  Gen.  Microbiol.  1£,  1*78-83  (1955). 
£.A.         1122 3g  (1955).  Q£ 


Rx.  605 


a  Pseudomonad,  possibly  >^ 
P_s .  desmolvticum 


1-chloronaphthalene 


d-8-chloro-l , 2-dihydro- 
1 , 2-dihydroxynaphthalene 


-  219  - 


I.  Oxidation 


OOH 


'  CH 


t)H 


Strawinski  and  Stone,  J..  Bacteriol.  k^,  16  (19^3).    See    Klausmeier  and 

Strawinski,  ibid.  75, 
(1957). 

Rx.  606 


Pseudomonas  aeruginosa 


COOH 


naphthalene 


salicylic  acid 


Rogoff  and  Wender,  J.  Bacteriol.  12,  26\-8  (1957). 
2L,  10655f  (1957). 

Rx.  607 

Pseudomonad  similar  to 


\\  horeopSfls 


COOH 


phenanthrene 


l-hydroxy-2-naphthoic  acid 


Rogoff  and  Wender,  £.  Bacteriol.  lit,  108-9  (1957). 
a,  l6701f  (1957). 

Rx.  608 

>v  An  organism  closely 

t^N/^Vx^  rese 


lerigtoasa 


anthracene 


^Vcooi 


VV"OH 

3-hydroxy -2 -naphthoic  acid 


-  220  - 


I.  Oxidation 


j£#        Miscellaneous  Types 


Kistner,  KaninJO..  Ned.  Akad.  Wetenschan.  Proc.  57C.  186-95  (1951*)-  See  ibid. 

W3-50  (1953). 

C.A.  k&,  8864a  (1954). 


Rx.  609 


HydrogenoBBORft?  carboxvdoyorans 
qq  (named  by  author)  QO 


carbon  monoxide  carbon  dioxide 

Challenger  si  ai. ,  £.  Chem.  Soc_. ,  200-8  (1927). 
2..A.  21,  12486  (1927). 

Rx.  610 

Aspergillus  njger 

CH3-COOH   -  CH-COOH 

6 


acetic  acid 


glyoxylic  acid 


-  221  - 


Challenger  si  al.,  £.  Chem.  Soc.  200-8  (1927) 
£.A.  21,  12486  (1927). 


Rx.  611 


CH3-COOH 


Aspergillus  niger 


HOOC-COOH 


acetic  acid 


oxalic  acid 


Smith  el  al.,  Biochem.  J.  50,  xxviii  (1952) 


Rx.  612 


CH3 


S 

OH 


a  soil  bacterium 


COOH 


V 

OH 


p.-cresol 


E-hydroxybenzoic  acid 


Baba,  £.  Agr.  Chem.  Soc.  Japan  H,  992-4  (19^1) 
2..A.  iii,  4829a  (1947). 

Rx.  613 


H-COOH 


Aspergillus  niger 


HOOC-COOH 


formic  acid 
(ammonium  salt) 


oxalic  acid  (35#) 


-  222  - 


Hanaoka  gi  al..  J_.  Ayr.  Chem.  Soc.  Japan  26.  151-4  (1952). 
C.A.  k8,  lOll^f  (195^). 
Rx.  6ll* 

a  soil  bacterium  CsC-COOH 

CHsC-CHeOH   —  C=C-COOH 


2-propyne-l-ol  1 , 3-butadi -yne -l,h- 

(propargyl  alcohol)  dicarboxylic  acid 


Challenger  and  Klein,  £.  Chem.  Soc. .  1644-7  (1929). 

£.A.  2i,  5269^  (1929). 

Rx.  615 

COOH 

^                  Aspergillus  Ql£ex 
n  m 

CH 
COOH 

£OOH 

HC-OH 
COOH 

fumaric  acid 

l-malic  acid  (kofi) 

Bruyn,  Konlnkl  .   Ned.  Akad.  Wetenschan.  Proc.  57C.  J+l-5  (195*0. 
2..A.  lfcfi,  852Jfi  (195^). 
Rx.  616 


Candida  UPQlyti<?fl 

CH3-(CHz),rCH=CH^   -  CH.-jtHa^-CH-CJHa 

OH  OH 


l-hexadecene 


1,2-hexadecanediol  (5#) 


-  223  - 


Evans,  Bioehem.  J.  kl,  373-82  (19^7). 
2..A.  k£,  6iv05g  (19^8). 

Rx.  617 

COOH         vibrio  01 

(very  similar  to 
Vibrio  cuneata ) 


benzoic  acid 


COOH 

^-OH 
OH 


protocatechuic  acid 
( 3, k- dihydroxybenzoic  acid ) 


Evans,  Bioehem. J.  kl,  373-82  (19V7). 
£.A.  k£,  6k0Jg  (19^). 

Rx.  618 


OH 


vibrio  01 
(very  similar  to 
Vibrio  cuneata,) 


OH 

^OH 


phenol 


catechol 


Evans,  Bioehem.  J.         373-82  (19^7). 
C.A.  k£,  6i^05g  (19^8). 
Rx.  619 

vibrio  01 

(very  similar  to 
Vibrio  cuneata ) 


OH 


phenol 


o_-benzoquinone 


-  22k  - 


Murphy  and  Stone,  Can.  £.  Microbiol,  1,  579-88  (1955). 
£.A.  k£,  lfciojf  (1955). 
Rx.  620 


a  Pseudomonas  strain 


naphthalene 


1,2 -naphthoquinone 


Bernhauer  and  Gorlich,  Biochem.  £.  2j&,  39^-5  (1935). 


£.A.  2&  122  (1936). 
Rx.  621 

HQ 


HQ 


OjCOOH 


3tota<rter  glasoaism; 

(Bagjfficlan  gluconicum) 


HO  H 


DH 


COOH 


OH 


)H 


quinic  acid 


protocatechuic  acid 


Hockenhull  filfil.,  Biochem.  £.  5£L>  605-9  (1952). 
C.A.  k£,  5l29d  (1952). 
Rx.  622 


•9H-COOH 

CHj 


chrvaogenum 


/Vc- 


n 

o 


•CH 


D,L-hydra tropic  acid 
(a-phenylpropionic  acid ) 


acetophenone 


-  225  - 


Wada  and  Yamasaki>  £.  Am..  Chem.  Soc.  J6,  155-7  (195*0. 
£.A.  k&  1072d  (1955). 
Rx.  625 

a  soil  organism 

V   I  O 


nicotine 


3-nicotinoylpropionic  acid 


Wada  and  Yamasaki,  J.  Am..  Chem.  Soc.  76.  155-7  (195^). 
C..A.  lfca,  1072d  (1955). 

Rx.  621* 

ClHa.— CH^  a  soil  organism 

^VCH  ^H,  |pVg-(CH4-NH--CK 


nicotine 


pseudooxynicotine 


Shimazu,  J_.  Chem.  Soc.  Japan  Jl,  505-5  (1950) 
£.A.  k$,  90C4d  (1951). 
Rx.  625 


HC-^-CHj 


yeast 


COOH 


l-phenyl-2-keto-l-propanol 
( phenylacetylcarbinol ) 


benzoic  acid 


-  226  - 

Turfitt,  BiQGhea.  £.  |fc£,  376-83  (19^). 
£.A.  l£,  6^06e  (19^). 
Rx.  626  CHa  (J^Hi 

CH-(CH*)rCH-CH3 

Mycobacterium 

rhodochroufl 
( Proaotlnomvces 
ervthropolis ) 


GOH 


/\  '•'-cholestenone 


3-keto-^^-etiocholenic  acid 


Turfitt,  filficjisa.  £.  hz,  376-83  (19W). 
£.A.        6^06e  (19^). 
Rx.  627  9Ha  , 

9H  CH-{CHjt)rCXDOH 


Nooardia  sp 
(Proaotin 


cholic  acid 


O  COOH 

CHa  ■ 


ggmgfl  gp« )  cHa 


3,7,12-triketoetiocholanic  acid 


Turfitt,  BiQcJisa.  £•        376-83  (19^) . 
£.4.  ]£,  6U06e  (19^). 

Rx.  628  9~k  ,     v  9H' 

CH-fcHz^-CH-CH, 

Mycobacterium 

rhodochroufl 
(Proactinomvces 
grvthropolis ) 


CH-(CH4-CH-CH3 


hooc  cr^^ 

Windaus'  keto  acid 


-  227  - 


II .  Reduction 


o 


OH 


Langlykke  and  Fred,  £.  Bacterid.  22,  102  (1937). 
£.4.  2L,  30951  (1937). 
Rx.  629 

Clostridium  WiVUcuro 
CH3-C-CH3   CH3-9H-CH3 


11 

o 


acetone 


OH 


2-propanol 


Farber  §1  §X.,  Biochem.  Z.  313-23  (1920). 

C..A.  12,  15537  (1921). 

Rx.  630 

top  or  bottom  yeast 


CHa-C-CHzOH 


OB 


o 


acetol 


CHa-^H-CHtOH 
OH 

R.  =1  ..  2-=propaned  iol  ( 55# ) 


Levene  and  Walti,  Org..  Syntheses  JO.,  84-6  (1930). 
C..A.  21,  184 32  (1930). 


Rx.  631 


Sac char omvces  cerevisiae 

CH-C-ChUOH   -  CH3-CH-CH^OH 


O 


acetol 


OH 

^-1,2-propanedioi  (49-58^) 


-  228  - 


Sen,  Quart.  £.  Indian  Chem.  Soc.  ^  1-8  ( 1924 ) . 
£.A.  12,  8l62  (1925). 
Rx.  632 

beer  yeast 

CHs-^-ChUCt   CHr^H-CHtCi, 

O  OH 

l-chloro-2-propanone  l-chloro-2-propanol  (2J$) 

(aonochloroacetone } 

Sen,  Quart,  £.  Indian  Chem.  Soc.  k  1-8  ( ) . 
£.A.  la,  8162  (1925). 

Rx.  633 

beer  yeast 

CHa-g-CHCZz   OU-^H-CHCX* 

O  OH 

1 , l-dichloro-2-propanone  l,l-diehloro-2-propanol 
(a,a-dichloroacetone) 

Sen  and  Barat,  Quart.  £.  TtvM»t»  Chem.  Soc.  £,  77-81  (1925). 
£.4.  2£b  508  (1926). 
Rx.  634 

yeast 

9Hi-C-CHt  9HL-9H-9H*. 

a  6  a  a  oh  a 

l,3-dichloro-2-propanone                                      1 , 3-dichloro-2-propanol 
 (5310  

Virtanen  £l  al.,  £.  nhysiol.  Chem.  187.  7-44  (1930). 
C.A.  24,  21573  (1930). 
Rx.  635 

Escherichia  coli 

9Hr(J-9H«.  —  —  -  C^H^H^H* 

OH  O  OH  OH  OH  OH 

1,3-dihydroxyacetone  glycerol  (5<#) 


-  229  - 


Neuberg  and  Simon,  Blochem.  Z.  186.  331-6  (1927). 
£.A.  2i,  36\65  (1927). 

Rx<  Aerobacter  §^2£§aS£ 

(Bacillus  lactis  agEflgejagfl ) 

CH3-C-CHO    «  CH3-CH-COOH 

11  • 

O  OH 

methylglyoxal  d,l-lactic  acid  (100#) 


Neuberg  and  Nord,  Ber.  *jgB.  2237-^8  (1919). 
£.4.  Ik,  21906  (1920). 


Rx.  637 


CHs-CHz-C-CHj 


yeast 


o 

2-butanone 
( me thyle thylke tone ) 


Neuberg  and  Nord,  Ber.  *52B.  22k8-^  (1919). 
£.A.  li,  21915  (1920). 
Rx.  638 

yeast 

CH,-C-C-CH3  - 

O  O 


CHa-CH^-CH-CHa 
OH 


d-2-butanol 


CH3-9H-CH-CH3 

OH  OH 


dlacetyl 
( 2 , 3-butanedione ) 


2 , 3-butanediol 
(A-butylene  glycol ) ( 35# ) 


Nagelschmidt,  Biochem.  Z.  !§£,  317-21  (1927). 
£.A.  ZL  365O5  (1927). 
Rx.  639 

top  yeast 

CH3-9-C-CH,      —  ^ 

o  o 


CH3-C-CH-CH3 

II  I 

O  OH 


diacetyl 


acetoin 
(acetylmethylcarbinol ) 


-  250  - 


Hammer  §£  aJL..,  Research  Bull.  191.  381-407  (1935). 

£.4.  20,  11346  (1936). 

.  citric  acid-fermenting 

Hx'  640  butter  cultures 

(may  possibly  be  leuconostocs) 

CHrg-g-CH3   CHa-CH-qn-CHa 

OO  OH  OH 

2, 3-butanedione  2 , 3-butanediol 
 (diacetyl)  (butylene  glycol) 

Neuberg  and  Kobel,  Biochem.  £.  l60.  250-5  (1925). 
£.4.  2&  9202  (1926). 
Rx.  641 

bottom  yeast 

CH3-9-9H-CH3   CH3-CH-CH-CH3 

O  OH  OH  OH 

3 -hydroxy-2-butanone  2, 3-butanediol  (60$) 

(acetoin) 

Hammer  §1  al« ,  Research  Bull.  1Q1.  381-407  (1935). 
£.4.  2P_,  11346  (1936). 

flx^  51^2  citric  acid-fermenting 

butter  cultures 
(may  possibly  be  leuconostocs) 

CH3-C-9H-CH3   CHa-CH-^H-CHa 

6  OH  OH  OH 

3-hydroxy-2-butanone  2 , 3-butanediol 


Langlykke  and  Fred,  £.  Bacteriol.  22,  102  (1937). 
£.4.  21,  30951  (1937). 
Rx.  643 

Clostridium 
butvlicum 

CH3-C-CH-CH3   ^  CH3-CH-CH-CH3 

6  OH  OH  OH 

3-hydroxy-2-butanone  2, 3-butanediol 


-  231  - 


Levene  and  Walti,  £.  Biol.  Chem.  94.  361-6  (1931). 
£.A.  2&,  19012  (1932). 
Rx.  644 

yeast 

CHa-C-Chk-CHa,  — —  —  CH3-CH-CH.-9H* 

6         OH  OH  OH 

butanol-l-one-3  -^-1  >  3-butanediol 


Santomauro,  Biochem.  £.  151 .  48-50  (1924) 
£.A.  i2,  1581^  (1925). 
Rx.  645 

bottom  yeast 

CHa-^H-C-CHa  ■ 

CI  6 

3-chloro-2-butanone 


CHs-^H-CH-CHs 

a  OH 

Jt  -3-chloro-2-butanol 


Grzyoki,  Biochem.  £.  2$5#  195-8  (1933). 
C.A.  g£,  1896  (1934). 
Rx.  646 

yeast 

CHrC-Cl-ferCHO 
6 


CHa-CH-CHa.-CHa, 
OH  OH 


0-ketobutyraldehyde 


d-1, 3-butanediol 


Neuberg  and  Kerb,  Biochem.  Z.  6l,  184-6 

G..A.  a,  19754  (191^). 
Rx.  647 


CHa-CHH^-COO! 

6 


yeast 


CHj-CHa-CHeOH 


a-ketobutyric  acid 


1-propanol  (66$) 


-  232  - 


Friedmann,  Natunrissenschaften  19.  UOO  (1931). 

£.A.  25,  99519  (1931). 
Rx.  643 

yeast 

CH3-C-CHrCOOH   CH3-CH  -ChL-COOH 

O  OH 

acetoacetic  acid  d-£-hydroxybutyric  acid  (kk-8k%) 


Heitzmann,  Conrot.  rend.  214.  509-11  (1942). 

£.A.  2L  24102  (1943). 
B     tuQ  Bacillus  11  (an  organism  of 

«*•  the  Bacillus  subtilis  group  resembling 

ft.  megaterium).  See  £.A.  ]£,  1000*  (1924). 

CH^C-ChU-COOH   ChU-CH-CHarCOOH 

O  OH 

acetoacetic  acid  £-hydroxybutyric  acid 


Neuberg  and  Gorr,  Biochem.  £.  154.  1*95-502  (1924), 

C..A.  ia,  26831  (1925). 


Rx.  650 


COOH 

6=0 

9H* 
COOH 


yeast 


oxalacetic  acid 


COOH 
H(j>OH 
CHt 

dooH 

malic  acid 


Fujise,  fiiacHfiffl.  £.  22$,  231-6  (1931). 
£.4.  25,  48982  (1931). 
ta-  *  COOH 

c=o 
dH* 

COOH 


yeast 


COOH 
HC-OH 
CH* 
dOOH 


oxalacetic  acid 
(diethyl  ester) 


1-malic  acid  (l8#) 


-  255  - 


Neuberg,  2i2fiMffi-  Si  Blophvs .  Acta  k,  170-8  (1950). 
£.A..  hk,  5669g  (1950). 

Rx.  652          g  OH 

XX                       bakers'  yeast  /Or' 

 -  ChLxCH* 

ChU-CHz  CHa-CH» 

eye lopentanone  cyclopentanol  (U2#) 


Neuberg  and  Nord,  B§r.  52E,  2237-^  (1919). 
£.4.        21906  (1920). 
Rx.  655 

yeast 

CHa-C-CKrChU-CH»   GHU-CpH -CHrCHe-CH. 

6  OH 

2-pentanone  d-2-pentanol 
(methyl-n-propylketone ) 

Veibel  and  Bach,  ML-  Q&QSfcS.  H&£MMk<  gelskab.  ,Merth,t-fyg.  Me<jjfl.  12,  19pp. 

£.4.  2a,  57175  (1936).  (1936)- 

Rx.  65**- 

yeast) 

CH3-C-C-CHz-CHs   O^H-CH-CHrCH. 

00  oh  6h 

2,5-pentanedione  d-2,3-pentanediol  (67#) 

( 2 , 3-diketopentane ) 

Veibel  and  Bach,  &gl.  Danafce.  Vjdgnakab..  Selskab..  Math. -f vs.  Medd.  12,  19PP- 
£.4.  2Q,  57175  (1936).  (1956). 

Rx.  655 

yeast 

CHa-C-C^-CHr-CHa   —  CH3-CH-C-CH2rCH3 

OO  OH  6 


2  f 3-pentanedione 


2-hydroxy-5-pentanone 
( methylpropionylcar bionol ) 


-  2Jk  - 


Neuberg  and  Cahill,  BagBBQlagla  1,  (1956). 
Rx.  656 


21,  76312  (1936). 


yeast 

CH^-C-C-CH*   CH3-9H-CH-CH-CH3 

OOO  OH  OH  OH 


2,3,^-pentanetrione  2,3,li-pentanetriol  (2.k%) 

( tr  ike top en t ane ) 


Fischer  and  Wiedemann,  Ann.  '520.  52-70  (1935). 
£.A. 
Rx.  657 


£.A.  2a,  79598  (1935). 


yeast 

CHr=CH-(tH4-C^-CH3   -  CH^CH-fcH^H-CHa 

O  OH 


l-hexene-5-one  l-hexene-5-ol  (8o£) 

Fischer  and  Wiedemann,  Ann.  *520.  52-70  (1935). 

C.4.  2i,  79598  (1935). 
Rx.  658 


CH3-9=CH-C-CH3   CH^H-CHrC^H-CHa 

CHs      O  CH3  OH 


me8ityl  oxide  1»— methyl -2 -pentanol  (6-ll#) 


-  235  - 


Bolcato  and  Pasquini,  Ind.  aaccar .  ital.        ^08-10  (1939). 


2..A.  22,  7V792  (1959). 
Rx.  659 


Salmonella  paratyphi 
(B.  paratyphi) 


ru  nu  Escherichia  coli  (Bact.  coli); 
Y™^n  E.  freundii  (B.  freundiiTT 
C=0 

HO-CH 
H^-OH 
HC-OH 
CHaOH 


CH^OH 
HO-^H 
HO-CH 
H(j>OH 
HC-OH 
CH^OH 


fructose 
(from  sucrose) 


mannitol  (93#) 


Katagiri  and  Kitahara,  Rent.  Japan.  Assoc .  Advancement  Sci.  16.  5l*8-52(  19^2 ) . 


£.4.  hk,  3089f  (1950). 
Rx.  660 


CH*OH 


c=o 


HO-9H 


heterof ermentative  lactic 
acid  bacteria  of  the  genus 
Leuconostoc  and  Lactobacillus 


HC-OH 
HC-OH 
CH*OH 


CHzOH 


HO-CH 
HOCH 


HC-OH 
HC-OH 
CHaOH 


fructose 


mannitol 


Blackwood  and  Blakley,  £an.  £.  Microbiol.  £,  Jkl-6  (1956). 
C.A.  2L,  29^2b  (1957). 

Rx.  661 

CH*OH  CHtOH 

C=0  HO-CH 

HO-CH  I^^ong^toc  mesenteroides  j_|q_£|_j 

HC-OH  HC-OH 

HC-OH  HC-OH 

CH*OH  CH*OH 


fructose 


mannitol  (33#) 


-  236  - 


Levene  and  Walti,  £.  Bial.  Chem.  2&  735-8  (1932). 
£.4.  22,  16133  (1933). 
Rx.  662 

yeast 

CH5-(Chg-C-CH*   -  CHa-fCH^H-CH*, 

O  OH  OH  OH 

l-hydroxy-2-heptanone  d-l,2-heptanediol 

Fischer  and  Wiedemann,  Ann.  ^20.  52-70  (1935). 
£.A.  22,  79598  (1935). 
Rx.  663 

yeast 

CH3-(CH=CHL-C-CH3   -  CH3-CH=CH-(tHz)t-CH-CH3 

O  OH 

3, 5-aeptadiene-2-one  5-heptene-2-ol 


Neuberg  and  Lewite,  giasfcsa.  Z.  21,  257-66  (1918). 
£.A.  li,  20JV61  (1919). 
Rx.  66k 

yeast 

CH3"C=CH-fCH«)it-9-CHs   CH3-9=CH-(0^)A-9H-CH3 

Chs  O  CHa  OH 

6-methyl-5-heptene-2-one  6-methyl-5-heptene-2-ol 


Neuberg  and  Nord,  Ber.  52B.  2237-W  (1919). 
£.4. 
Rx.  665 


£.4.  Ht,  21906  (1920). 


yeast  . 

CH3-C-fCH*)rCH3   CHa-^H-fCHzk-CHa 

6  OH 

2-octanone  d-2-octanol 


-  237  - 


Neuberg  and  Nord,  Ber.  52B,  2237-W  (1919). 
C.A.  Hi,  21906  (1920). 
Rx.  666 

yeast 

CH3-C-(CH*)S-CHS   • 

O 

2-undecanone 


ch3-9h-(ch2)q-ch3 

OH 


d-2-undecanol 


Akamatsu,  Biochem.  Z.  188-90  (1923). 

C..A.  18,  18395  (192^). 
Rx.  667  Q 


■CHa 


yeast 


OH 


■CHj 


o_-metbylcyclohexanone 


d-o_-methylcyclohexanol  ( 38$ ) 


Fischer  and  Wiedemann,  Ana-  5g0_,  52-70  (1935). 
SL.A.  22,  79598  (1935). 
Rx.  668  CH3 


CH: 


yeast 


J=o 

3-methyl-2-cyclohexenone 


5 

k^OH 


3-methylcyclohexanol  ( 20# ) 


Neuberg  and  Nord,  Ber..  52J3,  2237-^8  (1919). 
C.A.  Hb  21906  (1920). 

Rx.  669  0=C-CH3 

yeast 


acetophenone 
( methylphenylketone ) 


HO-CH-CH3 


SL-1  -phenyle  thanol 


-  258  - 


Dak in,  £.  Biol.  Chem.  18,  91-3  (191*0. 

C.A.  8,  27378  (191*0. 
Rx.  670  0=C-CHO 

As 


brewers'  yeast 


phenylglyoxal 


ho-ch-cooh 


1-mandelic  acid  (2&f>) 


Mayer,  BJLasbgm..  £.  Hib  (1926). 
C.A.         ^26X  (1927). 

Rx.  671  OOCHO 


Acetobacter  ascendens 


phenylglyoxal 


HO-CH-COOH 


mandelic  acid  (95#) 


Mayer,  fiicstefi.  fc.  Hit,  k20-k  (1926). 

£.4.  21,  4261  (1927)« 
Rx.  672  0=C~CHO 

A* 


a  strain  of 
Lactobacillus 


phenylglyoxal 


HO-CH-COOH 


d -mandelic  acid  (96*) 
(1-product  obtained  with  dried  cells) 


Neuberg  and  Simon,  Biochem  £.  186.  331-6  (1927). 
21,  36^65  (1927). 

Rx.  673   0=C-CHO  HO-CH-COOH 

Aerobacter  aerogeneg  /^s 
r     \>     (Bacillus  lactis  flerogepes) 


phenylglyoxal 


mandelic  acid  (100#) 


-  239  - 


Neuberg  and  Simon,  Biochem.  £.  331-6  (1927). 

A.  21,  3^65  (1927). 

Rx.  &{k     0=C-CHO  HO-CH-COOH 


X1 

phenylglyoxal 


Lactobacillus  delbruekU 
(Bacillus  stelU&l) 


mandelic  aoid 


Fischer  and  Wiedemann,  Asa.  5g0_,  52-70  (1935). 

S..A.  2&  79598  (1935)» 
Rx.  675 

CH-CH  o  w*«t  CH-CH 

ji      ii  V  yeast       II      II  , 

CH   C-CH=CH-C-CH3  »    CH  C-CCH^CH-CHa 

No  O 


OH 


f ur f ur ale cetone 


k- furyl-2-butanol 


Neubauer  and  Fromherz,  £.  nhvsiol.  Chem.  IQ,  326-50  (1911). 
6 


C.A.  %  1789  (1911). 

Rx.  676  0=^-COOH 


phenylglyoxylic  acid 


yeast 


HO-CH-COOH 


mandelic  acid  (2.5#) 


Neuberg  and  Komarewsky,  Biochem.  Z.  182.  285-90  (1927). 
8 


C.A.  21,  2289°  (1927). 
Rx.  677     0=C-9l -CH3 


HO-CH-CH-CH 


top  yeast 


1-benzoylethanol 


V  OH 


JL-1 -phenyl -1 , 2-propanediol 


-  2^0  - 


Shimazu,  J.  Chem.  Soc.  Japan  H,  505-5  (1950). 
2..A.  15,  900iKi  (1951). 

HO-CH-CH-CH3 

A  6h 


Ho-cH-c-cHa 


yeast 


1 -phenyl -2 -ke to -1 -pr opanol 


1 -phenyl -1 , 2-propaned iol 


Neubauer  and  Fromherz,  2..  phvsiol.  Chem.  70.  326-50  (1911). 
1,  17896  (1911). 

Rx.  679  CHl-C-COOH  CKtrCKtOH 

A,    6  yeast 


5 

B.-hydroxypnenylpyruvic  acid 


V 


p_-hydroxyphenylethanol  (32%) 


Kotake  gi  al.,  £.  Physiol,  fibeja.  U3.  218-28  (1925). 
£.A.  1^,  I8785  (1925). 

a*.  680  CHz-C-COOH  CH^H-COOH 

U  fOidium  lactisl  ^   X>  ^ 


p-hydr 


5 

oxyph"! 


V 


enylpyruvic  acid 


OH 

d-B.-hydroxyphenyllactlc  acid 


Fischer  and  Wiedemann,  Ann.  *520.  52-70  (1935). 
Q..A-  2&  79598  (1935). 


Rx.  681  CH  =  CH-C-CHJ 

A,      6  yeast 


^ -phenyl - 3-hut ene -2 -one 
(benzalacetone ) 


CH=CH-^H-CHs 
As  OH 


U -phenyl -3-hut ene -2-ol 


-  21+1  - 


Fischer  and  Wiedemann,  Ann.  520.  52-70  (1935). 
£.4.  22,  79998  (1955). 


Rx.  682    CH  =  CH-C-CHa 

yeast 


CHa,"~CHar"CH  —  CH3 
1 

OH 


^-phenyl -3-butene -2 -one 


k- phenyl -2-butanol 


Fischer  and  Wiedemann,  Ann.  520.  52-70  (1935). 

£.A.  22,  79598  (1935). 
to.  683  ^H=CH)rC"CH3  CH=CH-(CH2)irCH-CH5 


yeast 


6-phenyl-3, 5-hexadiene-2-one 


A, 


6-phenyl ~ 5-hexene -2 -ol 


OH 


Neuberg,  B lochia),  et  Bionhvs .  Acta  h,  170-8  (1950).    See  Adv.  Carbohvd. 

Qhs&.  ib  p.  09  (I9V9;. 
C..4.  Ul,  3669g  (1950). 

Rx.  6m 

9H3  CH3 

cflT^  I  ^^c=o  _  0 

bakers1  yeast 


H 

2, 3-diketocamphane 


c=o 


CHe,  ^C=0 

H3C-C-CH3 
Chda^  I  ^^JHC-OH 

H 

3 -hydroxy camphor  (63^) 


-  2k2  - 


Prelog  and  Acklin,  Helv.  Chlm.  Acta  21,  7k&-JJ  (1956). 
C.A.  5&  l6726e  (1956). 
Rx.  685  O  OH 

/N£*N     Curvularia  falcata  /M^"^ 


oVV 

/V  -9-methyloctaline-3,8-dione 


/*\  -9-methyloc tal ine -8-0I -3-one 


Neuberg  si  al.,  Arch.  Bioehem.  k  591-5  (19^3). 

S..A.  2L  27585  (19^3). 
Rx.  686 

CH-CH  CH-CH  +  CH-CH 
11      11  11      11    y**at      H  11 

o    00  o 


CH-CH 
X)      O  OH  O 


furil 


furoin  (approx.  10#) 


Neuberg  gl  ftl.,  Arch.  Bioehem.  k  591-5  (19^3). 

£4,.  2L,  27585  (19^3). 
Rx.  687 

CH-CH  CH-CH  CH-CH  CH-CH 

M        H    _  II       if      yeast    II       U  II  II 

CH  jC-C-CH-C     CH WCH  C-CH-C^H-C  CH 


11  1 


O      O  OH 


V 


o    6h  oh  "tf 


d,l-furoin 


1-hydrof  urotn 


Neuberg  and  Nord,  £er_.  3>B_,  22^-5^  (1919). 

SL.L.  Ik,  21915  (1920). 
Rx.  688 


c-c 

II  II 

O  O 


benzil 


yeast 


1  11 

OHO 


benzoin 


-  21+3  - 


Mezzadroli  and  Marsigli,  Zymologica  2  ,  101-21  (1925) 

C.A.  20,  29138  (1926). 


Rx.  689 1  

HC  

HC-OH 
HO-^H 
HC-OH 
HC-O- 
CHzOH 


1  QH2OH 

Lo-c  , 

HO-CH  O 
HC-OH 

H9  

ChUOH 


"bacillo.  invertente- 
mannito-la1rtico,, 
(probably  a  hetero- 
fermentative  lac- 
tic acid  bac- 
terium. ) 


CH*OH 

ho-6h 

HO-9H 
HC-OH 
HC-OH 
CH*OH 


sucrose 


mannitol  (18.75O 


Vettstein,  Helv.  Chim.  Acta  2£,  250-2  (1939) • 


estrone  a-estradiol  (70$) 


Vis  cher  et  §1 . ,  Experientia  12,,  5O-2  (1956). 
C.A.  50,  Il4l8f  (1956). 


d,l-estrone 


d-estradiol 


-  2kk  - 


Manoli,  Ber.  HJL  2696-8  (1958). 
£.A.  2i,  21568  (1959). 


Rx.  692 


CHs 


OH 


takers'  yeast 


R 
1 

o 


estrone  % 
(3-acyl  esters) 


R=CH3/QH57 
C3  H7- 


a-estradiol  (67#) 


Butenandt  el  si.,  fist.  7^B.  8l8-20  (19^0). 
£.A.  25,  765^  (19M). 


Rx.  693 


bakers'  yeast 


CH3 


HO' 


H 


Z\  -androstene-3,17-dione 


isoandrostane-3B,17B-diol  (approx.  25^) 


Butenandt  and  Dannenberg,  Ber .  TIB.  1681-5  (1938) 
2..A.  %j  81*313  (1938). 


Rx.  69^ 


bakers'  yeast 


^  -androstene-3, 17-dione 


/\  1-androstene-17P-ol-3-one  (83^) 


-  2^5  - 


Butenandt  el  al.,  Ber.  7^B,  8l8-20  (19^0). 
£.A.  35,  765^  (19*1). 


Rx.  695 


2^r-andr ostene -17P-ol- 3-one 


OH 


bakers'  yeast 


cHs 


HO 


isoandrostane-3P,17P-diol  (6.7#) 


Mamoli  and  Vercellone,  Ber.  70B.  kJO-l  (1937). 
C.A.  31,  i^3782  (1937). 


Mamoli  and  Vercellone,  Ber..  70B.  2079-82  (1937). 

£.4.  2a,  21891  (1938). 


Rx.  697 


OH 


top  yeast 


CH3 


^2^.^-andros  tene-3, 17-dione 


testosterone 


-  246  - 


Mamoli  and  Vercellone,  Ber_.  2079-82  (1937). 


-androstene-3,17-dione 


isoandrostane-3p,170-diol 


Vercellone  and  Mamoli,  Z.  Physiol ♦  Ghem.  2h8.  277-9  (1937). 
2..A.        79002  (1937). 


top  yeast 


HO 


androstane-3,17-dione 


isoandr ostane-3P,  r^-diol 


Mamoli  and  Vercellone,  Z_.  Physiol.  Chem.  245.  93-5  (1937). 
C.A.        ^3^85  (1937). 


-androstene-3p-ol-17-one  /^5_an<irostene-3P,17P-diol  (approx.  l&f>) 

( epidehydroandrosterone ) 


-  247  - 


Haraoli,  §££.  H£,  269^-8  (1938). 
c.a.  22,  21568  (1939). 


Rx.  701 


OH 


yeast 


o 

R=CH3-i- 

3-0-a  c  e  tyl -A^-andr  os  t  ene  -  3a-ol -17  -one 
(dehydroandrosterone  acetate) 


5-0-acetyl-yV-a 
3a,17P-alol 


l-vO-androstene- 


Mamoli  §!§!.,  g..  Physiol.  Chen.  8fiL»  287-96  (1959). 
2!b  170^  (19^0). 


Rx.  702 


OH 


Clostridium  IfintoBgfeESgggBB 


HO' 

^x5_androstene-33-ol-17-one 
( epidehydroandrosterone ) 


^^-androstene-3P,17P-diol  (*pprox.67# 


Mamoli,  JJ.S.  2, 186,906  (Jan.  9,  19*K>). 
£.4.  2iL,  31068  (19^0). 


Rx.  703 


HO' 

£±  ^-androstene-3P-ol-17-one 


yeast 


OH 


HO' 

/N,  5-androstene-3p,17P-diol 


-  2kQ  - 


Koester  ei  §1.,  U.S..  2,236,574  (April  1,  1941). 
C.  A.  25,  4393^  (1941). 


Rx.  704 


HO' 

^-andr  ostene-3a-ol-17-one 


impoverished  yeast 


testosterone 


llamoli  and  Schramm,  Ber.  TLB.  2083-6  (1938). 
£.A.  ii,  7146  (1939). 


testosterone  epietiocholane-3a,17B-diol  (6o£) 


Ifamoli  and  Schramm,  Ber.  HB,  2698-27OI  (1938). 
C.A.  22,  21571  (1939). 


testosterone  isoandrostane-3B.17B-diol 

(approx.  14%) 


-  2k9  - 


Mamoii  §i  al»,  g...  Btoaial.  Sfcsm.  2&L,  287-96  (1959). 
£.4.  (19^0). 


Rx.  707 


testosterone 


H 


Clostridium  lentouutrescens 


HO' 


epietiocholane-3a, 170-diol 
(approx.  10%) 


Schramm  and  Mamoii,  Ber. 
£.A.  2£,  79873  (1938). 


Rx.  708 


HO' 

-androstene-3a-ol  , 
(dehydroandrosterone ) 


1322-3  (1938). 


HO'    -  H 

epietiocholane-3a, 170-diol 


Mamoii,  Bgr.  21I>  2278-80  (1938). 
£L.A.  .21,  13528  (1939). 


Rx.  709 


OH 


oxidizing  bacteria, 
then  bakers'  yeast  c^ 


HO' 

-androstene -3a-ol-17-one 


testosterone  (8l#) 


-  250  - 


Butenandt  and  Suranyi, 
£.4.  2L  (19*3). 


.  25k  591-7  (19*2). 


Rx.  710 


H 


yeast 


isoandrostane-6, 17-dione 


o 

isoandro8tane-176^ol-o-one 
(approx.  50jb) 


lfaaoli  el  ftl.,  £.  Ebifiial.  Chea.  2iL,  287-96  (1959). 
2b  17<*9  (19*0). 


Rx.  711 


Clofltrldium  lentoptffrggcgTrf 
(Bacillus  putrificug)ct 


^  -androetene-3, 17-dione 


etiocholane-173-ol-3-one  ( 59 • 5^ ) 


lfamoii  si  §i.,     Etoaiai.  Sh§a-  261,  287-96  (1959). 

0.4-        17<*9  (19*0). 


Rx.  712 


OH 


Clostridium  ]  fmtottutreacene 
( Bacillus  putrifjcua) 


H 

androstane-3, 17-dione 


H 

isoandrostane-3P,17P-diol  (55*5*) 


-  251  - 

Mamoli  ei  al.,  Z.  physiol.  Chem.  26l.  287-96  (1939). 
S..A.        170^9  (19^0). 
Rx.  713 

O 


Clostridium  lentoputrescens 
(PapUlHP  TOitrificua)  c^ 


H 

andr ostane -3 , 17-d ione 


HO' 


H 

isoandrosterone  (36.1$) 


Mamoli  gl  al.,  Z.  Physiol.  Chgffi.  26^,  287-96  (1939) 
C.A.  2k,  17049  (19^0). 

Rx.  71^ 


CH3 


SlagtEiaiMB  lentoputrescens 
(BfrcjUqg  putrificus)  CH3 


-androstene-3,17-dione 


epie  j;iocholane-3a>  170-diol 
: .  13* ) 


Fried  filaL.,  £.  Am.  Chem.  Soc.  15,  576V5  (1953). 
C.A.  htQ,  12758g  (195*0. 
Rx.  715  CH3 


c=o 


CHa 


CH3 


ftfrreptomyces  lavendulae 


CH3 


progesterone 


/*N  -pregnena-20ft-ol-3-one 


-  252  - 

Fried  si  al.,  Recent  Progr.  Hormone  Research  H,  1^9 -8l  (1955). 


C_.A.  it2j-  Mklb  (1955). 


Rx.  716 


CH3 

c=o 


-OH 

Streptomvces  lavendulae 


CH3 
HC-OH 

CH3 


-OH 


l6a-hydroxyprogesterone 


y\1^»nregnadiene-l6g.206-diol- 
3-one 


Fried  g£  §1.,  Recent  Progr.  Hormone  Research  11/  1^9-81  (1955). 


C..A.  ItSL,  linlub  (1955). 
Rx.  717  QHa 

c=o 


CH3 


-OH 

Streptomvces  lavendulae 


CH3 
HC-OH 


-OH 


l6a-hydroxyprogesterone 


/V  ^-pregnene-l6a,  20fj-diol-3-one 


Camerino  and  Vercellone,  Gazz.  chim.  ital.  86.  260-5  (1956). 


2.4..  5L  26%lc  (1957). 
Rx.  718  CH3 

c=o 


l6a,17cr-epoxidoprogesterone 


yeast 


17P-methyl-l8-nor-^' ^  ^-(  17  )- 
a-pregnadiene-l6a,20-diol-5-one  (6&f>) 


Caster ino  and  Vercellone,  Gazz. 
£.4.  51.  281Hc  (1957). 


-  253  - 

chlm.  ital.  86,  260-5  (1956). 


Rx.  719 


CHa 

c=o 


H3C  OH 


yeast 


HO' 

16a,  17a-epoxido-a^?-pr  egnene- 
3P-ol-20-one 


17P-n»ethyl-l8-nor        15( lk )-17<?-  . . 
pregnadiene-3P,l6a,20-triol  (2<#) 


Camer ino  ei  al.,  Helv.  Chlm.  Acta   26,  19^5-8  (1953). 


£.4.        *050c  (195^). 
Rx.  720 

c=o 

o> 


CH3 

c=o 


yeast 


CHs 


H 

pr egnane-3, 11, 20-tr lone 


pregnane-3a-ol-ll,20-dione 
:.  W) 


(approx, 


Caner lno  fital.,  Helv.  CJiiffl.  Acta   26,  19^5-8  (1953). 


£.4.       ^050c  (195^). 
Rx.  721  O'""'3 

c=o 

Oc 


CHa 

c=o 


H 

allopr egnane -3 , 11 , 20-tr  ione 


allopregnane-3a-ol-ll , 20-dione 
(approx.  hk1>) 


-  2$k  - 

Comer ino  §i  al.,  Helv.  Chim.  Acta  ^6,  1945-8  (1955). 


£.4.  ML  4050c  (195*0. 


allopregnane-lla-ol-3, 20-dione  allopregnane-3P, lla-diol-20-one 

(approx.  60$) 


Camerino  and  Vercellone,  Gazz.  chim.  ital.  86.  26O-5  (1956). 
£.4.  3L,  2841c  (1957). 

Ex.  723  CH3 


c=o 


yeast 


16a,  17a-epoxidopregnane-  3,20-dione 


^CH-CHa 
OH 


17t5-xnethyl-l8-nor^15^ lk  ^-Ha- 
pr egnene-l6a, 20-diol-3-one 


Camerino  and  Vercellone,  Gazz.  chlm.  ital.  86.  260-5  (1956) 
C.4.  a»  2841c  (1957) 
Rx.  724  CH3 


CH3 


CHa 


c=o 


yeast 


H^C  9H 
'  cCH-CH3 

OH 


16a,  17a-epoxidoallopr egnane- 
30-ol-2O-one 


13(14) 

17e-methyl-l8-nor-Z^  -17a- 
allopr egnene - 3£ , 1 6a , 20- tr iol 


-  255  - 

Bloom  el  ai..,  in  Shull,  Trans.  N.Y.  Acad.  Sgi.  12,  1^7-72  (1956). 
£.A.  2L,  l^95c  (1957). 
Ibc.  725  ChUOH  CH*OH 

c=o 

CHaJ  qh 


HOOH 
1  --OH 


Curvularia  lunata 


yy^9(ll  )-pregnadiene-17a,21-diol- 
3,20-dione 


9P,lip-epoxido-ZsT -pregnene- 
17a, 200 , 21-tr iol-3-one 


Vischer  et  al.,  in  Wettstein,  flxnarientia  11,  1*65-79  (1955). 
S..A.        6571i  (1956). 
Ex.  726                          CH2.OH  CH*OH 

C=0  HC-OH 
CH3  L--OH  ^\T5^c~OH 


Strentomvces  coelicolor 


17a-hydroxy-ll-desoxycorti- 
costerone  (Reichstein's  Cpd.S) 


/^-pregnane  -17a,  200 ,  21-tr iol-3-one 


Shull,  Trans.  H-X-  Acad.  £si.  12,  lVf-72  (1956). 
Q..A.  a,  J^95c  (1957). 


CH2OH  CH^OH 

C=0  HC-OH 


17a-hydroxy-ll-desoxycortico-  -pregnene-17a,2O0,21-triol-3-one 
sterone 


-  256  - 

Sutter  etal.,  £.  Or^.  Chem.  2£,  578-9  (1957). 
C.A.  3£,  1195b  (1958) 

Rx.  728  y»-uun 

CO 

c-OH 

Mycobacterium  lacticola : 

chs  gggasfeasteiaa  aSEr7H, 


CHaOH 

HC-OH 
--OH 


17a-hydroxy-ll-desoxycorticosterone 
 (Reichstein's  Cpd.  S)  


1,* 

^  -pregnadiene-17a,20p,21-triol. 
3-one 


Gould  £l  al.,  I.  Org..  Chem.  22_  829-50  (1957). 
£.A.        215^e  (1958). 

CH*OH 

c=o 

(X  ^\c^r  "OH 


Rx.  729 


6-pregnadiene-17a-21-diol-5, 
11,20-trione 


CHaOH 

HC-OH 

CH,L.__OH 


CH3 


pregnadiene-17a, 20p, 21-tr iol- 
5,11-dione  (20-25&)  


Szpllfogel  si  fll.,  gee.,  trav.  chim.  2^  1*02-4  (1956). 

£-4.  5G,  13162a  (1956). 
Rx.  730  CH2OH 

C=0 
°^~OH 

Fusarlum  solan! 


CHzOH 
HC-OH 


CH3 


cortisone 


-pregnene -17a,  200 ,  21-triol- 
5,11-dione 


-  257  - 

Ercoli  and  deRuggieri,  Boll,  soc.  ital.  biol.  sper.  28,  611-12  (1952). 
C.A.        ^26c  (1955). 

CH3  CH3 

:H-CH  JrCOOH  .  QH  -(CH4-COOH 


Rx.  731 


3,6-diketocholanic  acid 


3a-hydroxy-6-ketocholanic  acid 


Sinn,  £.  Biochem.  (Japan)  28,  165-8  (1938). 
Q..&.  2£,  91 532  (1938). 
Rx.  732  CH3 


CH-(CK)2-COOH 


Escherichia  cgl 
(Bacillus  c 
communis 


HO' 


CH-fcHzVCOOH 


3,7-diketocholanic  acid 


5a,7o£-dihydroxycholanic  acid 
( chenodesoxycholic  acid ) 


Kim,  Enzymologia  k.  119-21  (1937). 
S..A.  2L,  85982  (1937). 
Rx.  733  Cj^Ha 

O  CH-(CHz)rCOOH 


press  yeast 


CH3 

o  ch-(ch4-cooh 


3,12-diketocholanic  acid 
( dehydrodesoxycholic  acid ) 


HO'     ~  H 

3a-hydroxy-12-ketocholanic  acid 
(approx.  lUt) 


-  258  - 

Machida,  Hiroshima  J.  U§&.  gfii.  2,  (1953). 

£.A.  k&  256la  (1955). 

CHa 

?H  CH-fcH^COOH 
Egghgrlsfrla  saii 

(Bacillus  cqU 
communis ) 

CH 


Hx.  731*- 


QH3 

OH  CH-(CH4)rCOOH 

CH3  ' 


to.,  12a-dihydroxy-7-keto-  cholic  acid 

cholanic  acid 


Bx.  735 


Fukui,  J_.  Biochem .  (Japan)  2^,  6l-9  (1937). 

C.A.  2L  *06l7  (1937). 

CH3 

O  CH-fch^COOH 

Escherichia  coli 
(Bacillus  coli 
communis! 


CHa 

O  dH-(CH^)£-COOH 


3,7>12-triketocholanic  acid 
(dehydrocholic  acid) 


7a-hydroxy-3,12-diketocholanic  acid 


Machida,  J.  Biochem.  (Japan)        lt-35-7  (1953). 
2..A.         2167c  (195*0- 
Rx.  736  CH3  9Hi  ,  v 

O     CH-(CHz)rCOOH       o  CH-(CHz)rCOOH 

Escherichia  coli 
(B.  coli) 

CHi 


3,7, 12 -tr  iketocholanic 
acid 


3a,7a-dihydroxy-12-ketocholanic  acid 


-  259  - 

Kim,  Enzvmologia  6.  105-7  (1959). 
C.A.  33,  63671  (1939). 

te-  757      OR  ch-(ch4-cooh 

9H3  ' 


CH 

OR  ch-(ch4-cooh 


beer  yeast 


-C-CH, 

°  HO' 


3-keto-12-acetoxycho- 
lanic  acid 


3a-hydroxy-12-acetoxycholanic  acid 
(33*) 


Mamoli,  U.&.  2,186,906  (Jan.  9,  19^0). 
A.  3b  3^368  (19^0). 


cholestanone  cholestanol 


-  260  - 


II .  Reduction 

Sr.  -CHO   -CH*,OH 


Langlykke  and  Fred,  £.  Bacterlol.  55.  102  (1937). 
C.A. 
Rx.  759 


C.A.  31,  50951  (1937). 


Clostridium  butylicum 

CH3-CHO   -  CHa-CHzOH 


acetaldehyde  ethanol 


Neuberg  and  Schwenk,  Biochem.  Z.  21,  lll«-17  (1915). 
Rx.  7^0 


£.4.  %  30586  (1915). 


yeast 

CHrCHO   CH*-CH*, 

OH  OH  OH 

glycolaldehyde  1,2-ethanediol 

(ethylene  glycol) 

Lintner  and  Luers,  Z.  Physiol.  Chem.  88,  122-3  (1913). 

£.4.       1126^  (191*0. 
Rx.  7^1 

CI  CI 

I  yeast 

CZ-C-CHO-HaP   Cl-C-CHzOH 

CI  CL 

.  nj  v       .  2,2,2-trichloroethanol  (1*0*)  For  70* 

trichloroacetaldehyde  hydrate  gee  willstatter  and  Duisberg, 

(chloral  hydrate)  B^r.  ^B,  2283  (1923). 


-  261  - 


Willst&tter  and  Duisberg,  Ber.  56B.  2283-6  (1923). 
C.A.  18,  11101  (1924). 
Rx.  742  „ 

Br  Br 

I  bottom  yeast  _  _ 

Br-C-CHO-  H*0   Br-C-CHzOH 

l 

Br  Br 

tribromoacetaldehyde  hydrate  2,2,2-tribromoethanol  (29. 5#) 

(broroal  hydrate) 

Blanchard  and  MacDonald>  £.  Biol.  Chem.  110.  145-50  (1935). 
22,  4793**  (1935). 

Rx.  7^3 

Clostridium  acetobutylicum 

CH3-CHrCHO   CH3-CHfc-CHaOH 


propionaldehyde  1-propanol  (72^) 


Neuberg  and  Vercellone,  Biochem.  Z.  279:.  140-2  (1935). 

C.  A.  22,  80572  (1935). 
Rx.  744 

top  yeast 

CH3-^H-CHO  — — —   CH3-CH-CHaOH 

OH  OH- 

D,  L-lactaldehyde  1,2-propanediol  (65^) 

(predominantly  D-isomer) 

Neuberg  and  Kerb,  Biochem.  Z.  21,  406-19  (1913). 
Brit.  C.A.  104  /Ii7,.  1026  (1913). 

Rx.  745 

yeast 

CH3-CH  -CHO   CHj-CH  -CH*OH 

CH3  CH3 

2-methylpropionaldehyde  2 -methyl -1-propanol 

( isobutyraldehyde )  (isobutyl  alcohol) 


-  262  - 


Fischer  and  Wiedemann,  Ann.  HI.  260-80  (193^). 

£.4.  22,  1385^  (1935). 
fix.  fk6 

yeast 

CH3-CH=CH-CHO   CHs-ChU-CI-lrCHnOH 


cro tonic  aldehyde  1-butanol  (8.3#) 


Neuberg  and  Kerb,  Biochem.  Z.  22,  96-HO  (1918). 
£.A.  li,  2C&62  (1919). 
Rx.  7*7 


CH3-CH-CHz-CHO 
OH 


yeast 


CHa-CH-CHz-CH* 
OH  OH 


0-hydroxybutyraldehyde 


d-l,3-butanediol  (63.5*) 


Grzycki,  Blochea.  Z.  £65,  195-8  (1933) 
£.4.  2^  1896  (193*0. 
Rx.  7^8 


CHa-C-CKt-CHO 

0-ketobutyraldehyde 


top  yeast 


CHs-CH-CHz-CHt 


OH 

d-l , 3-butanediol 


OH 


Hosenfeld,  Biochem.  Z_.  15$,  5*-7  (1925) 
£.4.  12,  2683&  (1925). 
Rx.  7^9 


CI 

CH3-9H-C-CHO-  H*<0 


bottom  yeast 


CI 

CH3-9H-C-ChUOH 
CI  CI 


2,2, 3-tr ichlor obutyr aldehyde 


2,2, 3-tr ichloro-1 -butanol 

iiki) 


-  263  - 

Neuberg  and  Steenbock,  gisshsa.  Z.        1^-503  (1915). 
&,  3595  (191*0. 

Rx.  750 

CH3-(CK,)3-CHO   —   CH9-(CHi\-CHzOH 


a-valeraldehyae  1-pentanol  (66-8W) 

(anayl  alcohol) 


Neuberg  and  Kerb,  Ber.  2225-8  (1913).    See  Biochena.  Z.  52,  fc06  (1913) 

Z,  3511*2  (1913). 

Rx.  751 

CH3-9H  — ChUrCHO       yea8t    -      CH,-9H  -  Chk-CHaDH 
CH3  CH3 

p-methylbutyraldehyde  3-methyl-l-butanol  (67^) 

( isovaleraldehyde ) 


Neuberg  and  Simon,  Blochem.  g..  190.  226-31  (1927). 
£.A.  2£,  19911  (1928).  Aerobaeter  aeifigene* 

Ry  7K£>  (Past,  lasiia.  ftgESggnaa) 

f^  Eflchwlffhtft  figli 


(Bact.  coli ) 

CHa-C^H-CI-k-CHO   CH3-9H  -ChtrChLOH 

CHa  CH3 

B-metbylbutyraldehyde  3-methyl-l-butanol  (73%) 


Neuberg  and  Ringer,  Biochem.  Z.  20.,  388-9^  (1918). 

£.4.  12,  2<*59  (1919). 
Rx.  753 

top  yeast 

CH3-CHa-9H-CHO   CH3-CH;rCH-CH*OH 

CH3  CHs 

a-methylbutyraldehyde  2-methyl-l-butanol  (70%) 


-  264  - 


Neuberg  and  Simon,  Bioohem.  £.  1TQ.  (1926). 
JkA.  2L,  19982  (1927). 
Bz*  AaatoJagtfii:  paBteurlanum 

(fiafitecbi  raeteurlflnua) 
CHg-CHirCH-CHO  —  —  CHs-ChUr^H-CHaOH 

CH3  CHa 

d,l-a-njetnylbutyraldehyde  d-2-roethyl-l-butanol 
 (approx.  l8i)  

Neuberg  and  Simon,  Biochem.  Z.  17Q.  kkJ-JO  (1926). 
£.4.  21,  19982  (1927). 
to.  755 

Agg-tQtaCter  qgcenflens 

CH3-CHar9H-CHO   CHs-CHr9H-CHzOH 

CH3  CH3 

d , 1 -a-methy lbutyr aid ehyd e  »£-2-methyl-l-butanol 


Levene  and  falti,  £.  Biol.  Chem.  2i>  361-6  (1931). 
£.A.  26,  19012  (1932). 
to.  756 

ch3-(ch*)£:Ch-cho  — -  ch3-(ch4t9h -91-1* 

OH  OH  OH 

a-hydroxyvaleraldehyde  d-l,2-pentanediol 


Neuberg,  Biochim.  et  Bionhys.  Acta  k.  170-8  (1950). 
£.4.  i^b  3669g  (1950). 
to.  757 

bakers'  yeast 

CHa-fCHa^-CH-CHO   CH3-(CH*lr9H  -CHaOR 

CH3  CH3 

a-methylvaleraldehyde  2-roethyl-l-pentanol  (63^) 


-  265  - 


Lintner  and  Liebig,  Z..  Physiol.  Chem.  Z£,  kk9-^M-  (1911)- 
£.A.  %  y&l6  (1911). 
Rx.  758 

CH-CH  CH-CH 

II        II  yeast  II  II 

CH   C-CHO   — —       CH  C-CHzOH 

O  O 

furfural  furfuryl  alcohol 


Neuberg  and  Nord,  Biochem.  Z.  ££,  2lv-7  (191*0. 
Rx.  759 


&  586  (1915). 


bottom  yeast 

CHa-CCH^j-CHO   -  C^-fCH^CHaOH 


a-caproaldehyde  1-hexanol 


Levene  and  Walti,  £.  Biol.  Chem.  2L  361-6  (1931). 
2&  19012  (1932). 

Rx.  760 

,      .  yeast  , 

CH3-(CH4-9H~CHO   CHa-(CH4-CH-CH 

OH  OH  6h 

a-hydroxycaproaldehyde  d-l,2-hexanediol 


Fischer  and  Wiedemann,  Ann.  51^.  260-80  (193*0. 
22,  1383^  (1935). 

Rx.  761 

CH=CH-CH3  yeast  CH-CHi-CHa 

CH=CH-CHO  ~  CH-CH*rCH*,OH 


2,lt— hexadienal 
(sorbic  aldehyde) 


3-hexene-l-ol 


-  266  - 


Fischer  and  Wiedemann,  Ann..  5H.  260-80  (193*0.    See  ibid.  522.  1-16  (19 36). 
£.A.  32a,  13839  (1935). 
Rx.  762 

CH=CH-CH3  yeast  CH=CH-CH* 
CH  =  CH  -CHO  CH*-CH*-CH*OH 


2,4-hexadienal 
(sorbic  aldehyde) 


4-hexene-l-ol 


Fenaroli,  fiioxa-  chim.  Jfl£.  applicata  4.  85-9  (1922). 
S..A.  16,  25702  (1922). 


to-  765  CHO 

HO-CH 
HO-CH 
HC-OH 
H^-OH 
ChUOH 


yeast 


CH2OH 

HO-CH 

HO-CH 
HC-OH 
HC-OH 
CH^OH 


mannose 
(manna  molasses) 


mannitol 


Coyne  and  Raistrick,  Bioehem.  £5.,  1513-21  (1931). 
C..A.  2&  16375  (1932). 


Rx.  764 


CHO 
HO-CH 
HO-CH 
HC-OH 
HC-OH 
£h*OH 


a  white  strain  of 
Aspergillus 


CHaOH 
HO-CH 
HO-CH 
•  Hd-OH 
HC-OH 
CHtDH 


mannose 


mannitol  (37*) 


-  26?  - 


Birkinshaw  eial.,  Trans.  Roy.  Soc.  (London)  B220.  153-71  (1931). 


£.A.  2&  2^85°  (1932) 
Rx.  765 

CHO 

HC-OH 
HO-CH 
HC-OH 
HC-OH 

6h*oh 


Aspergillus  elegans : 
3  white  species 
of  Aspergillus : 
A.  nidulans  (77-5*) 


CHaOH 

HO-CH 
HO-CH 

H9-OH 

HC-OH 
CH*OH 


glucose 


mannitol 


Birkinshaw  and  Raistrick,  Trans.  Roy.  Soc.  (London)  B220.  331-53  (1931) 
£.4.  2£,  2kQl2  (1932). 


Rx.  766 


Q|-fO    Helminthosporium  geniculatum ; 


HC-OH 
HO-9H 
HC-OH 
HC-OH 
dHz-OH 


Clastosporium  sp.; 
Aspergillus  went 11; 
Penicillimn  ehrysogenum, 


CHaOH 

HO-CH 

HO-CH 
HC-OH 
HC-OH 
£h*OH 


glucose 


mannitol 


Ohta,  Biochem.  Z.        183-7  (l91h). 

£.4.  8,  1805?  ( 191*0. 
Rx.  767 


CH3-(CH2)-CHO 


yeast 


CHj-(CH4-CHtOH 


a-heptaldehyde 
( enanthaldehyde ) 


1-heptanol  (51*) 


-  268  - 


Fischer  and  Wiedemann,  Ann.  522.  1-16  (1936). 

£4..  2£U  7T806  (1936). 
Ex.  768 

CH-CH=CH-CHs  ?*ast  CH-CH=CH-CH3 

CH-CH= CH- CHO  CH  -  CHrCHsrCHDH 


2,k, 6-octatr ienal 


k, 6-octadiene-l-ol 


Neuberg  and  Welde,  Biochem.  Z.  6£,  W-8l  (191*0. 
C.A.  8,  23598  (191^). 
Ex.  769  9"° 

yeast 


benzaldehyde 


benzyl  alcohol  (22-32#) 


Mayer,  Biochem.  Z.  6£,  1^59-61  (191*0 
£.A.  ^  23596  ( 191*0. 

HO 


Rx.  770 


yeast 


salicylaldehyde 


o.-hydroxybenzyl  alcohol 
(saligenin) 


Nord,  Biochem.  Z.  102,  315-19  (1920) 
Ik,  2652H  (1920). 
Rx.  771  CHO 

N*-NO* 


yeast 


o_-nitrobenzaldehyde 


o_-nitrobenzyl  alcohol  (10#) 


-  269  - 


Neuberg  and  Welde,.  Biochem.  Z.  6£,  1*77-81  (191*0. 
C.A.  8,  23598  ( 191*0. 

ChUrCHO  CHc-ChUOH 


Rx.  772 


yeast 


phenylacetaldehyde 


p-phenylethanol  ( 6l . 5-70# ) 


Dakin,  J.  Biol.  Chem.  18,  91-3  ( 191*0 
£.A.  8,  2737s  (191*0. 
Rx.  773  0=^~CHO 

^  brewers'  yeast 

phenylglyoxal 


OC-O-fcOH 


CO  -hydroxyacetophenone  ( appr ox . 19# ) 
( benzoylcarbinol ) 


Rona,  Biochem.  Z.  &L»  137-^2  (191*0- 

C.A.  a,  581*  (1915). 

RX.TTU  ^H=CH-CHO 

yeast 


cinnamic  aldehyde 


^H=CH=CHe.OH 


cinnarayl  alcohol  (12#) 


Fischer  and  Wiedemann,  Ann.  513.  260-80  ( 19 3*0. 
C.A.  22,  13839  (1935). 


Rx.  775 


CH=CH-CHO 


yeast 


cinnamic  aldehyde 


CI-k-CHz-CH*OH 


3-phenyl-l-propanol 


-  270  - 


Pauly  and  Feuerstein,  Ber.  62B.  297-311  (1929). 
C.A.  £1,  29829  (1929). 
Rx.  776 

CH=CH-CHO 


press  yeast 


OH 


Ha 


H=CH-CH2OH 


OH 


Hi 


coniferaldehyde 


conlferyl  alcohol  (7W 


Pauly  and  Feuer stein,  Ber.  62B.  297-311  (1929). 
£.A.  gi,  29829  (1929). 
Rx.  777 

QH=CH-CHO  CH=CH-CH20H 

A    ^ 


press  yeast 


0-CH«rO-CHs 


^-0-CH3 
O-CHarO-CHa 


n.-0-methoxymethylconiferyl  aldehyde 


p.-0-methoxymethylconlf eryl  alcohol 


Mayer  and  Neuberg,  Biochem.  Z.  H,  17^-9  (1915). 
G..L-  &  30586  (1915). 


Rx.  778 


CHa 
I 


ch«.-ch=c-ch9   bottom  yeast 


CH»-CH-CH*-CHO 
CH3 


CHs 

CHarCH=C-CHs 
CHr  C  H  -  C  HtrCHtDH 
CH3 


citronellal 


citronellol  (59*) 


-  271  - 


Neuberg  and  Kerb,  Biochem.  £.  22,  111-23  (1918). 
S..A.  12,  20465  (1919). 
Rx.  T79  CH3  CH3 

CH*rCH=C-CH3         yeast  CHarCH=C-CH3 
CH*-C= CH  -  CHO  CH*-C=C  H  -  C  HaOH 

CH3  CH3 


citral  geraniol  (approx.  30#) 


Pauly  and  Feuer stein,  Ber.  £0B_,  1031A  (1927). 
C.A.  21,  2^75T  (1927). 

press  yeast 


Rx.780  HC-O- 


HC-OR 
RO-CH 
HC-OR 
HC-O—1 
CH*OR 


CH 
CH 
CHO 


R=-C-CH3 
11 

O 


J 


hc-o— h-^x  9H3 


HC-OR 
RO-CH 
HC-OR 
HC-O 
CH2OR 


CH 
11 

CH 

CH2OH 


p.-0-(2, 3,4, 6-tetraacetyl-D-gluco- 
pyranosyl )-conif eraldehyde 


p_-0-(2, 3,1+,  6-tetraacetyl-D-gluco- 
pyranosyl ) -conifer yl  alcohol 
1 83ft)  {tetraacetylconiferin) 


Murray  and  Peterson,  2,602,769  (July  8,  1952). 

£.A.        8331f  (1952). 


Rx.  78I 


CHa 

HC-CHO 

CH3 


Rhizonus  nigricans 


3-ketobisnor-a^-cholene-22-  al 


9H3 

HC— CH2OH 


3-ketobisnor-iAl4'-cholene-lla, 
22-diol  (17-W 


-  272  - 


Meister  si  al..  £.  Am.  Chem.  Soc .  76.  5679-82  (1954).  See  Murray  and  Peter- 

£.A.  ^  90M  (1955).  S°n'         2'6°2'769  U952X 

Rx.  782  CH3  CH3 

HC-CHCH 
CH3J 


HC-CHO 


Rhlzopus  arrhizus 


3-ketobisnor-u^  -cholene-22-al 


3-ketobienor-Z^-cholene-6{J,  11a, 
22-triol  (approx.  29^) 


Peter son,  Eecord  Chem.  Progr.  H,  211-40  (1956). 
5L  5655c  (1957). 


3-ketobisnor-*^  -cholene-22-al  3-ketobisnor-,A  -cholene-22-ol 


-  273  - 


II .  Reduction 

C.  -CH=CH  ■  CHrCHr 


Fischer  and  Wiedemann,  Ann.  511,  260-80  (195^3 « 

£.A.  22,  1585^  (1935). 
Rx.  784 

yeast 

CH3-CH=CH-CHO   CHs-CHz-CHz-CHa.OH 


crotonic  aldehyde  1-butanol  (8.3#) 

( crotonaldehyde ) 


Fischer  and  Wiedemann,  Ana.  2H»  260-80  (1934). 
G..A.  2SL,  13839  (1935). 
Rx.  785 

yeast 

CHs-CH=CH-CH*OH  —   CHa-CH*- CH*- CH^OH 


2-butene-l-ol  1-butanol  (55-70*) 

(crotyl  alcohol) 


Fischer  and  Robertson,  Ann.  529.  84-7  (1937). 
C.A.  21,  53201  (1937). 
Rx.  786  £&gfa£rJLgflifl  Sfili 

(BasteElmB  sail) 

CH,-CH=CH-CH«OH   CH3-CHz-CH*-ChkOH 


2-butene-l-ol 


1-butanol  (10-22*) 


-  2Jk  - 


Peel  and  Barker,  Biochem.  £.        323-32  (1956). 
£.4-  5&  8790b  (1956). 
Ex.  787 

Clostridium  kjjBgerj, 

CHz=CH-CHz-COOH   CH3-CH*-CHe-CQOH 

2,3-butenoie  acid  butyric  acid 

Sakaguchi  and  Tada,  Zentr.  Bakt.  Parasitenk.  II  Abt.  101.  Jkl-Jk  (19^0) • 

C..A.  2*,  1H052  (19^0). 

Rx.  788  Bacterium  succlnicum  no  v.  sp. 

(may  be  in  the  genus  Escherichia ) 

HOOC-CH=CH-COOH   -  HOOC-CHa-CHa-COOH 

fumaric  acid  succinic  acid  (approx.  28^) 


Farkas  and  Schneidmesser,  £.  Biol.  Chem.  167.  807-9  (19^7)» 

£.4.  }£L  383^h  (19^7). 
Rx.  789 

Escherichia  coll 

HOOC-CH=CH-COOH        1Ug-  ^RQOC-CHz-CH^-COOH 


fumaric  acid  succinic  acid 

Fischer  and  Wiedemann,  Ann..  *51^.  260-80  (1931*). 
£.4.  22,  1383^  (1935). 
Ex.  790 

CH=CH-CH3  yeast  CH=CH-CH3 

CH=CH-CHO  CHe-CHc-O-UOH 


2,3-hexadienal 


It— hexene-l-ol 


-  275  - 


SchSnbrunner,  Biochem.  £.  *>0k.  26-36  (19^0). 
C..A.  lb  MOB?  (I9k0). 

Escherichia  coli  (6l*)(  Baxter  jyp  cqU); 
Bacillus  subtilis:  PsguflQfflc-na,§  fl^resceng  (27$) 


Rx.  791 

CH3-^H=CH)i:COOH 


(B.  fluc-rescen.3,  ljq^faciens) 

 ■  CHa-pKirCOOH 


sorbic  acid 


caproic  acid 


Fischer  and  Wiedemann,  Ann.  520.  52-70  (1955). 
8 


£.A.  22,  7959  (1955). 
Rx.  792 

ch=ch-ch3  yeast 

CH= CH-C-CH3  " 
it 

o 

3, 5-heptadiene-2-one 


CH=CH-CH3 

C  Hz—C  Hz"~C  CH3 
11 

O 

5~heptene-2-one  (30#) 


Fischer  and  Wiedemann,  Ann..  520.  52-70 
C.A.  2a,  79598  (1935). 
Rx.  793 


L935). 


CH — CH  CH3 

CH=CH-C-CHa 
11 

O 

3, 5-heptadiene-2-one 


yeast 


CH=CH-CH3 

C^-CHarCH-CHa 
OH 

5-heptene-2-ol  (30#) 


Fischer  and  Wiedemann,  Ajaa.  522.  1-16  (1936). 
6 


£.&  2a,  3780°  (1936). 
Rx.  79^ 

CH-CH=CH-CH3 
CH-CH=CH-CHO 


yeast 


CH-CH=CH-CHs 
CH-  CHl-CHtCHzOH 


2,4, 6-octatr ienal 


^,6-octadiene-l-ol 


-  276  - 


Fischer  and  Wiedemann,  Ann.  *522.  1-16  (1936). 
£.A.  XL,  3T806  (1936). 

Rx.  795 

CH-CH=CH-CH3  yeast  CH-CH=CH-CH3 

CH-CH=CH- CHjOH  C  H  -  CHa-CH*-CH*OH 

2 , k , 6-octatriene-l-ol  k, 6-oc tadiene-l-ol 

Fischer  and  Wiedemann,  Ana.  520.  52-70  (1955). 
£.4.  2a,  79598  (1935). 

Rx.  796                       (Jj)  O 

<^H-CH      (p-CKa  yeast         CH-fH  C-CHs 

CH  /C-CH=CH  *~    CH  (i-CHi-CH^ 

O  No 

furfuralacetone  ^-furyl-2-butanone  (22.6£) 


Fischer  and  Wiedemann,  Ann.  520.  52-70  (1935). 

22,  79598  (1935). 
Rx.  797  O 

H-CH       C-CHa       yeast  fiH-ftH  CH-CHa 

H   C-CH=CH  "~     CH  C-CHz-C 


O 

furfuralacetone  l|.-furyl-2-butanol  (5i) 


Fischer  and  Wiedemann,  Ana.  511*  260-80  ( 193*0 . 

£.4.  8a,  13839  (1935). 

rx.  798       CH=CH-CHO  CHarCHt-CHtOH 

yeast  1^ 


cinnamic  aldehyde 


3-phenyl-l-propanol  (17*) 


-  277  - 


Fischer  and  Wiedemann,  Ann..  515.  260-80  ( 193*0  • 
C4.  2a,  15859  (1935). 
Rx.  799        CH=CH-CHaOH  CHjc-CHrChkOH 

A,   A, 


yeast 


cinnamyl  alcohol 


3-phenyl-l -propanol 
(approx.  50$) 


Fischer  and  Robertson,  Ana.  ^2Q«  8^-7  (1937). 
C.A.  21,  53201  (1937). 

Rx.  800        CH=CH-CH^OH  C^-CHrCHaOH 

coli  "bacteria  ■ 


cinnamyl  alcohol 


3-phenyl-l -propanol 
(not  over  3#) 


Fischer  and  Wiedemann,  An&.  522.  l-l6  (1936). 
£.A.  20,  37806  (1936). 
Rx.  801 


CH -CH=CH-CH3 
CH-CH=CH-C-COOH 

6 

2-keto-3> 5,7-nonatrienoic  acid 


yeast  ^  ^h-CH=CH-CH3 

CH  -  CH*-Ok-  ChUOH 

^ ,6-octadiene-l-ol 


Fischer  and  Wiedemann,  Ann.  520.  52-70  (1935). 
C.A.  §2,  79598  (1935). 
Rx.  802        CH  =  CH— C-CHs 

A,  o 

yeast 


benzalacetone 


CHz.-CH£-C-CH3 
6 


1^ -phenyl -2-hutanone  (73^) 


-  278  - 

Fischer  and  Wiedemann,  Ann.  520.  52-70  (1935). 

C.A.  2£,  79598  (1935). 
Rx.  803  CH=CH-C-CHa 

/V  6 


yeast 


benzalacetone 


CHzrCHa-CH-CHa 
\  OH 


ii-phenyl-2-butanol  ( 3 • 3^ ) 


Fischer  and  Wiedemann,  Ann.  513  .  260-80  (193*0. 
22,  13839  (1935). 

Rx.  801.      CH=CH-C-COOH  CHe-CHe-CHzOH 


As 


benzalpyruvic  acid 


yeast 


3-phenyl-l-propanol  (75^) 


Fischer  and  Wiedemann,  Anja.  520.  52-70  (1935). 
C.A.  2&  79598  (1935). 


Rx.  805      CH— CH—CH— CH 


A 


CH3  C  yeast 


o 


6-phenyl-3, 5-bexadiene-2-one 


CH=CH-CHrCHz, 

A  ch3-c 

O 

6-phenyl-5-hexene-2-one  (2k1>) 


Fischer  and  Wiedemann,  Aim.  520.  52-70  (1935). 
C.A.  29 .  7959^  (1935). 

Rx.~8o6      CH  =  CH-CH=CH  CH=CH-CHrCHz 
/N^         CH3-C   + 


11 

O 


yeast 


6-phenyl-3, 5-hexadiene-2-one 


,  CH3-9H 

OH 

6-phenyl-5-hexene-2-ol  (6#) 


-  279  - 


Sch8nbrunner,  Biochem.  Z.  26-36  (l^O). 

SL-L-  3k,  ^1029  (19^0). 

Rx.  807  Escherichia  coli;(Bac^.  coll) 

Pseuflprooras  fluorescens  (£.  fluoreacens 

CH-(CH^)7-CH3        Wqwfy»^)  CHaKCH^CHa 
CH  -(CHa)-COOH  CH*KCHz)t-COOH 


oleic  acid 
(Na  salt) 


Butenandt  ei  al.,  Bex.  75B.  8l8-20  (I9I+0), 
£.A.        T639  (19^1). 


Rx.  808 


bakers'  yeast 


Z^1-androstene-3 , 17-dione 


stearic  acid  (32-67*) 


OH 


HO' 

isoandrostane-3£, 170-diol 


Butenandt  glai.-,  Ber.  73B.  818-20  (I9M)). 
C.4.  31,  16$  (19^1). 


Rx.  809 


A  -androstene-17P-ol-3-one 


bakers 1  yeast 


i soandros tane -3P , 17p -diol 


-  280  - 


Mamoli  and  Schramm,  Ber.  71B.  2083-6  (1938). 


C.A.         71k6  (1939). 


/^q'-androstene-3,17-dione  etiocholane-3,17-dione 


II.  Reduction 


Jb.  -CH  =  C- 


-CHz-CH- 


Fischer  and  Wiedemann,  Ann.  520.  52-70  (1935). 

£.4.  2&  79598  (1935). 
Rx.  811 


yeast 

CH3-OCH-C-CH3   CHa-CH-CHsrCH-CHa 

I  11  l 

CH3       O  CH3  «  OH 


mesityl  oxide 


4-methyl-2-pentanol  (6-11$) 
( methyl isobutylcarhinol ) 


-  281  - 


Fischer  and  Wiedemann,  Ann. 
C.A.        T9598  (1935). 


5gfi,  52-70  (1935) 


Rx.  812 


CH3 

S 


yeast 


CH2 


3-methyl-2-cyclohexenone 


3-methylcyclohexanone  ( 80$ ) 


Fischer  and  Wiedemann,  Ann.  520.  52-70  (1935). 
C.A.  22,  79598  (1935). 
Rx.  813 

s 

J=o 


yeast 


3-methyl-2-cyclohexenone 


3-methylcyclohexanol  (20$) 


Murray  and  Peterson,  U.&.  2,692,273  (Oct.  19,  195*0- 
£.&.  It2,  H732b  (1955). 


Rx.  81^ 


Rhizopus  reflexus 


10-normethyl testosterone 


10-norme thylandros tane -17P-ol  ■ 
3,6-dione 


-  282  - 


Mamoli  ei  al.,  Z.  Physiol.  Chem.  261,  287-96  (1959). 
2..A.  3±,  17C49  (19^0). 


Rx.  815 


Clostridium  lentoputrescens 
(Bacillus  PU-trjfjcus) 

CH5 


/^-androstene-3tl7-dione 


etiocholane-3.17-dione 
(70-80*) 


Mamoli  ei  al.,  £.  Physiol.  Chem.  2£L  287-96  (1939). 
£.£.        17C49  (19^0). 


Rx.  816 


Clostridium  lentoputrescens 

(Bacjiiu?  BtiEiCisaa.) 

CH3 


/\  * -andr os tene -5 , 17 -d  ione 


etiocholane-170-ol-5-one 
(approx.  59#)  


Mamoli  si  al. ,  Z.  phvsiol .  Chem.  gil,  287-96  (1959). 
C.A.  2Jt,  17C49  (19^0). 


Rx.  817 


CH3 


Clostridium  lentoputrescens 
(Bacillus  pu.tr if  jcus) 


HO' 


/\  -andr os tene -3 , 17-dione 


epiet iocholane-3a, 170-diol 
(13*) 
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Schramm  and  Mamoli,  Ber.  71B.  1322-3  (1938) 
£.A.  22*  79875  (1958). 


Rx.  818 


bacteria 


HO' 

^.^-dehydroandrosterone 


HO' 

epietiocholane-3a,17P-diol 


Mamoli  §i  aj..,  Z.  phvsiol.  Chem.  26l.  287-96  (1939). 
£.A.  2k,  1T0J+9  (19U0). 


Rx.  819 


Clostridium  lentoputrescens 

(B^cuius  sniriCisim) 

CH3 


testosterone 


etiocholane-170-ol-5-one 
(70-80^) 


Mamoli  §i  al.,  Z.  phvsiol.  Chem.  261.  287-96  (1959). 
2..A.       170^9  (191*0). 


See  jBgr.  7J.B,  2085 
(1958). 


Rx.  820 


Clostridium  lentonutrescens 
(Bacillus  pu.tr if icus) 


testosterone 


epietiocholane-5a, 176-diol 
(approx.  10$) 


-  28k  - 

Eppstein  si  al« ,  £•  AflL-  Chem.  §22..  l£,  317^-9  (195*0- 
C.A.  l£,  90211  (1955). 
Rx.  821 

Rhizonus  reflexes 


See  U.S..  2,692,273 
(Oct.  19,  195*0- 


testosterone 


androstane-173-ol-3, 6-dione 


Mamoli,  U.S.  2,186,906  (Jan.  9,  19*+0). 
C.A.  ,2b  3^36®  (19^0). 
Rx.  822 


HO 

2N,.^-androstene-33 ,  lTP-diol 


yeast 


CH3 


isoandrostane-30,17P-diol 


Murray  and  Peterson,  y_.S_.  2,602,769  (July  8,  1952). 


C.A.  l±6,  8351f  (1952). 

CO 
CH3 


Rx.  823 


CHa 


RhiSQPUg  nigricans 


/N^^-dehydroprogesterone 


lla-hydroxy-17a-progesterone 
(2^) 
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Murray  and  Peterson,  2,6^9,^02  (Aug.  18,  1953). 
C.A.  reference  not  available. 

Rx.  Qzk  9Ha 

c=o 


Aspergillus  nlger 


CHs 


^1^-dehydroprogesterone 


lla-hydroxy-17a-progesterone 


Rx.  825 


Mamoii  ai  ai.,  £.  phvsioi.  Cham.  afiL,  287-96  (1959). 

2Jb  170U9  (19^0). 

=0 


Clofltridium  lentoputrescens 


CH3 

c=o 


progesterone 


pregnane-3,20-dione  (86#) 


Perlman  efc  §1..,  £.  Affl.  Chem.  Soc.  Jjt,  2126  (1952). 


Rx.  826 


£.A.        27371  (195*0. 

CH3 

c=o 

cm 


CHi 


an  actinoraycete 


-OH 


progesterone 


l6ot-hydroxypregnane  -3 }  20-dione 
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Peterson  ei  si.,  £.  A&.  Chea.  Soc.  Ik,  5933-6  (1952). 
^26i  (1953). 
Rx.  827  9H3 

.c=o 

HQ 

BUgggtf  aldaaBfi 


progesterone 


1 la-hydr oxya 1 lopr egnane - 3  , 
20-dione  (59>)  


Murray  and  Peterson,  II. S-  2,602,769  (July  8,  1952). 
2.. A.        8331f  (1952). 
Rx.  828  CHzOH 

CO 

?U--OH  HO 


Rhizopus  nigricans 


CH3 


CHzOH 


17a-hydroxy-ll-desoxycortico- 
sterone  (Reichstein' s  Cpd.  S) 


11a, 17a,21-tr ihydroxyallo- 
pregnane-3,20-dione  (8.2^) 


Coleman  and  Baumann,  Arch.  Biochem .  Biophvs .  72.  219-25  (1957). 
C.A.  52,  3026b  (1958). 
Rx.  829  CH3         CH3  ^Hs  CHa 

HIC-tH4-CH  HC-tH4-CH 

CH3 


CH3 

fecal  microorganisms 


CH3 


HO' 

/\7-denydrocholesterol 


HO'    -  H 

/\  7-coprostenol 
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Baumg&rtel  and  Zahn,  Deut.  g..  Verdauungs-u.  StQf f wechselkrankh .  H,  257-66 


£.A.  k&  4052f  (1952). 
Rx.  85O  9H3  9H3 

HC-fcHa>CH 

<;*X  CH3 


Intestinal 
bacteria 


(1951). 


CH3  9H 
HC-CCHe)3-<:H 


cholesterol 


coprostanol 
(coprosterol) 


Coleman  and  Baumann,  Arch.  Blochem.  Blonhvs.  72.  219-25  (1957). 
£.4.  ^  5026b  (1958). 

CHa  CH3 

Hd-fcH^r9H-CH 
Ei  CHj 


Rx.  851 


fecal 
microorganisms 


CH3  9H3 
HC-CH4-9H-CH 
Efc  CH3 


CH3 


EZi-CHrCHa 


p-sito sterol 
(2^-ethylcholesterol ) 


coprositostanol 
( 2^-ethylcopr ostanol ) 
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II.  Reduction 


J2,  -NO* 


NhU, 


Neuberg  and  Welde,  Biochem.  Z.         VfO-6  (191U). 
S..A.  8,  23597  (191*0. 
Rx.  852 

yeast 

ChUNOz   CH3NH2, 


nitrome thane 


methylansine 


Neuberg  and  Welde,  Biochem.  £.  ffe,  kfO-6  (191*0. 
£..£.  &  23597  (191U). 
Rx.  833 

yeast 

CHa-Chk-NQ*  


CHa-ChU-NI-U 


nitroethane 


ethylamine 


Neuberg  and  Welde,  Biochem.  Z.         472-9  (191*0. 
C.A.  8,  17^65  (1914). 
Rx.  834  NGl 


top  yeast 


As 


nitrobenzene 


aniline  (approx.  29^) 
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Neuberg  and  Reinfurth,  Biochem.  Z.  128,  561-8  (1923). 
C.A.  18,  1029  (1924). 
Rx.  835 


NOz 


top  yeast 


NH2, 


■NQi 


m-dinitrobenzene 


m-nitroaniline 


Smith  and  Worrel,       Bacteriol.  65,  313-17  (1953). 


ifcZ,  5992d  (1953). 

Rx.  836 


HN-C-CHOL*, 

Escherichia  cc 


NO* 


N-(p.-nitrophenyl ) -dichlorc- 
acetamlde 


HN-C-CHCJL 


f 
NH2. 


N-(p.-amlnophenyl)-dichloro» 
acetamide  (^9#) 


Smith  and  Vorrel,  £.  Bacteriol.  65,  313-17  (1953). 
C.A.  kZ,  5992d  (1953). 
Rx.  837 


CH^-NK 

^    9=<^      Escherichia  coli 

CHCU  

f 

NOz 


ChUrNH 


c=o 

CHGfc* 

NHz 


N-(p.-nitrobenzyl )  -dichloro- 
acetamide 


N-(p.-aminobenzyl  J-dichloro- 
acetamide  (ityO 
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Smith  and  Worrel,       Bacteriol.  6$,  315-17  (1953). 
£.4.  hi,  5992d  (1953). 
Rx.  838 

CH3-CH— NIH  CH3-CH-NH 

C=0  ~«  c=o 

CHCJU 


Escherichia  coli 

CHCU   - 


f 

l-(p_-nitrophenyl )  -1-dichloro- 
acetamidoe thane 


f 


l-fa-aminophenyl ) -1-dichloro- 
acetamidoe thane  (756) 


Smith  and  Worrel,  £.  Bacteriol.  £5,  313-17  (1953). 


C.A.  kl,  5992d  (1953). 
Rx.  839 

CH3-CHt-CH-NH 


^  c=o 

CHCZ* 

f 
NO* 


CHa-Chk-CH-NH 


Escherichia  coli 


c=o 

Cl-O* 


l-(ji-nitrophenyl )  -1-dichloro- 
a ce tami dopropane 


l-(p.-aminophenyl)-l-dichloro- 
acetamidopropane  (&f>) 


Smith  and  Worrel,  £.  Bacteriol.  65,  313-17  (1953). 
C.A.  kj,  5992d  (1953). 
Rx.  840 

CH^-CH-NH  ChUr-CH-NH 

^  C=0        Escherichia  coli        ^  ^H. 


CHCU 


NO* 


CHCU 


f 

NHZ, 


l-( H-ni trophenyl ) -2-di chloro- 
acetamidopropane 


l-(p_-aminophenyl )  -2-dichloro- 
ace tami dopropane  (2.2$) 
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Smith  and  Vorrel,  J.  Bacteriol.  65,  313-17  (1953). 
£.A.  V£,  5992d  (1953). 
Rx.  6kl 

HO-CH-CHz-NH  HO-CH  -CHz,-NH 


NO* 


l-(£-nitrophenyl)-2-dichloro- 
acetamido  ethanol 


9"°      Escherichia  coli 

CHGU   — 


oo 

CHCJU 


l-(  a-amimophenyl  )-2=diehloi  o  ■ 
acetamido  ethanol  (26.4$) 


Smith  and  Vorrel,  J.  Bacteriol .  6^,  313-17  (1953). 
£.4-  hi,  5992d  (1953). 


Rx.  8^2 


HO-CH-CH-fjiH 


NO* 


C=0  'SmkMiMiM  ;2&U 
CHa 


CH*OH 
VHO-CH-CH-NH 

CH3 

f 


l-(p/-nitrophenyl)-2-acetamido«»l, 
3-propanediol 


l-(p-aminophenyl ) -2-acetamido-l , 
3-propanediol  (20$) 


Smith  and  Vorrel,       Bacteriol.        313-17  (1953). 
£.4-  *tL  5992d  (1953). 
Rx.  6^3  CHjlOH 

HO-CH -CH-NH  HO-CH-CH-^H 

Q-Q     Escherichia  soli 
CHzCl 


I 

CHzCi* 


NOz  NK 

l-(p,-nitrophenyl)  -2-chloroacetamido-l,         l-(a-amlnophenyl)  -2-chloroacetamido- 
3-propanediol  1, 3-propanediol  (12$) 


-  292  - 


Smith  and  Vorrel,  £.  Bacterid.  £5,  315-17  (1953). 
£.A.  V[,  5992d  (1953). 


Rx. 


HO-CH-CH-NH 


As 


C-O  Escherichia  coli 
CHaJ 


9H*OH 
HO-CH-CH-f|4H 

?=° 

CHa.1 


NO* 

1 _ ( £-ni trophenyl ) -2-iodoacetamido-l , 
3-propanediol 


l-(n.-aminophenyl ) -2-iodoacetamido- 
1, 3-propanediol  (2.5*) 


Smith  and  Vorrel,       Bacteriol.  £5,  313-17  (1953). 
G.-L.  kZ,  5992d  (1953). 
Rx.  8^5 


CHzOH 
HO-CH-CH-NH 


Escherichia  ££li 


CHzOH 

HO-CH— (JH-tsfH 

As 


ch-ch3 

CH3 

NQz 

l-(p_-ni  trophenyl )  -2-(a-methyl- 
propionamido ) -1 , 3-propanediol 


9=0 

CpH-CHa 
CH3 


NHz 

l-(  n-aminophenyl )  -2-(a-methyl- 
propionamido )-l, 3-propanediol 
(17*) 


Smith  and  Vorrel,  Arch.  Biochem.  2§,  232-41  (1950). 

£.A.  j£,  3031g  (1951). 
Rx.  8h6 

HO-CH-CH-CHiOH  O^C-CH-CHaOH 

/XN    NH  Escherichia  coli  /^NHz 


c=o 


^  CHGU 
NO* 

l-(  £-ni trophenyl ) -2-di  chloro- 
acetamido-1, 3-propanediol 
( chloramphenicol) 


NHz 

a-amino-P-hydroxy-a-amino- 
propiophenone 
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Smith  and  Worrel,  Arch.  Biochem.  2jfc,  216-23  (19^9). 
C.A.  kk,  2047a  (1950). 
Rx.  8^7 

HO-CH~CH-CHzOH  HO-CH-CH-CHaOH 

J  Escherichia  coli  (40$)        X        I  , 

S^,   NH  Bacillus  subtilis  (28#)   rf  ^  NH 

•  0       Pro£eu£  vtflsartg  JiW 


NO* 


ChOa, 


c=o 

I 

CHCJU 


NH; 


l-(£-nitrophenyl ) -2-dichloro- 

acetamido-1 , 3-propanediol 

( chloramphenicol )  


l-(  j£-aminophenyl ) -2-di  chloro- 
ace tamido-1, 3-propanediol 


Smith  and  Worrel,       Bacteriol.  £5,  313-17  (1953). 
C.A*  hi,  5992d  (1953). 
Rx.  CH.OH 

HO-CH-CH-f|JH 

^  ?° 

CHBT2, 


ChkOH 


HO-CH-CH-^H 

Escherichia  coli  ^  0=0 

CHBr*. 


NOz 

l-(p/-nitrophenyl)  -2-dibromo- 
ace tamido-1 , 3-propanediol 


NHz, 

l-(p.-aminophenyl )  -2-dibromo- 
ace tamido-1 , 3-propanediol  ( l4$ ) 


Smith  and  Vforrel,  £.  Bacteriol.  65,  313-17  (1953). 
C.A.  kj,  5992d  (1953). 


Rx.  849  CHsQH 

HO-CH-CH-tslH 

c=o 

I 


NOz 


Escherichia  coli, 


l-(p_-nitrophenyl )  -2-tri  chloro- 
ace tamido-1, 3-propanediol 


O-kOH 
CH-CH-rj4H 

CC13 


l-(p_-aminophenyl ) -2-tri chloro- 
ace tamido-1, 3-propanediol  ( 7$) 
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Smith  and  Vorrel,  £.  Bacteriol.  £5,  315-17  (1953). 


£.A.  il,  5992d  (1953). 
ft*.  850 

AcO-CH  -CH-CHzOAc 

Escherichia  coli 

9=0   

CHCU  Ac=-C-CH3 
NO*  6 

1- ( ii-ni  trophenyl )  -2-dichloro- 
acetamido-0,0 1 -dlacetyl-1, 3- 
propanedlol 


Ac  O-CH-CH-CH^OAc 


A 


NH 

CHCJU, 


NH; 


l-(  2-aminophenyl )  -2-di  chloro- 
a  cetamido-0 , 0  * -diacetyl-1 , 3- 
propanediol  (5^) 


II.  Reduction 


X.  -CH- 
f  OH 


-CHet 


Freund,  Monatsh.  2.,  636-U  (l88l). 
Brit.  C.A.  156  (1882). 

Rx.  85I 


a  schizomycete 


CHarCH-CpH*. 
OH   OH  OH 


C^Hz"*CHz— (pH2, 
OH  OH 


glycerol 


trimethylene  glycol  {21$) 
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Noyes  and  Watkins,       Am.  ghem.  Soc.  12,  89O-I  (1895). 
Brit.  C.A.  JO  ilk  (1896). 

Rx.  852 

bacteria 

ChU-CH-ChU      ~   9H2rCH^-CH2. 

OH   OH   OH  OH  OH 

glycerol                                                  trimethylene  glycol 
 (38&  

Braak,  "Qnderzoekingen  over  Vergisting  van  Glycerine."  Thesis,  Delft  (1928) 

See  Werkman  and  Gillen,  £.  Bacteriol. 

22,  170  (1952). 

Rx.  853 

Escherichia  freundii 

9H,-CH-CH,    (Mma  CH.-CH.-CH, 
OH   OH   OH  OH  OH 

glycerol  -trimethylene  glycol 


Werkman  and  Gillen,  £.  Bacteriol.  22,  167-82  (1932). 
C.A.  26,  27618  (1932). 

Rx.  854  _    _     j  i_  • 

Escherichia  sp. 

(Citrobacter  sp.) 

CHt-CH-CH*   CHt-CHjt-CHa 

OH   OH  OH  OH  OH 

glycerol  trimethylene  glycol 


Miekelson  and  Werkman,  Enzymologia  8,  252-6  (19U0). 
£.4.  3lt,  S9692  (19^0). 
Rx.  855 

Aerobacter  sp. 

CH^CH-CH*       ('  StrStns)      -  CH*-CHa-CH, 
OH  OH  OH  OH  OH 

glycerol  trimethylene  glycol  (h%) 
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Leaver  et  al.,  £.  Bacteriol.  JO,  521-50  (1955). 
C.A.  50,  2758c  (1956). 

PJ-9g"taTt<Uwn  Propionicum: 
Praplonibacterium  arabinosum 

CH3-CH-COOH   -  CHa-CHarCOOH 

OH 

lactic  acid  propionic  acid 

Liebig,  Ajfi.  JO,  104-7;  565-6  (l849;.    See  Houben,  5rd  ed.  Vol.  II,  228 

fl925). 

Rx.  857 

9DOH  9OOH 

HC-OH  beer  yeast  QHA 

CH*  CH* 

iooH  iooH 

malic  acid  succinic  acid 


Sakaguchi  and  Tada,  Zentr.  Bakt.  Paras itenk.  II  Abt.  101.  5»H-5^  (I9V0). 
£.A.  ^,  U052  (19^0). 
Rx.  858 

COOH  COOH 

HC~OH  Bacterium  succinicum  nov.  sp. 

COOH  COOH 

1-malic  acid  succinic  acid  (25#) 


Grossman  and  Postgate,  jr.  Gen.  Microbiol.  12.  429-45  (1955). 
C.A.  42,  l4882d  (1955). 

**'  859          COOH  *  COOH 

HC~OH  BSffllltaittELg  de  sulfur!  cans  I 

CH2,  v^Hfc 

COOH  COOH 

malic  acid  succinic  acid 
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Bernhauer,  "Garungschemisches  Praktikum,"  Berlin  (1959).  2nd  ed.,  J  .Springer, 
£.4.  22,  55905  (1939).  517 
Ex.  860 


COOH 
CHOH 
CHOH 
COOH 


yeasts 


9OOH 

CH* 
CH* 
COOH 


tartaric  acid 


succinic  acid 


Sakaguchi  and  Tada,  Zentr.  Bakt.  Parasitenk.  II  Apt.  101.  3^1-5^  (19*K>) 
£.4.        M052  (19^). 


Hx.  861 


900H 

HC-OH 
HO-CH 
COOH 


Bacterium  succinicum  nov.  sp. 


(^OOH 

9H2. 

CHa 

COOH 


d- tartaric  acid 


succinic  acid  ( 27-28.  *#) 


Baumgartel  and  Zahn,  Deut.  Z.  V^daayagg±H  Stof fwecnselkranVh .  11,  257-66 
£.A.  k6,  k052t  (1952).  (1951). 


Rx.  862 


CH 


CH- 


?H  CH-fcH^-COOH        9"1  CH-(CH4-COOH 


CHs 


HO" 


intestinal 
bacteria 


cholic  acid 


desoxycholic  acid 
(3a,12a-dihydroxycholanic  acid) 
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II.  Reduction 


-c= 

OH 


Tkachenko,  Btgttl^ia  1,  579-82  (1936). 


£.A.  7*6l5  (1937). 
fix.  863 


c=o 
o=c 
o=c 


O 


HO-CH 

CHaOH 
deny&roaa corbie  acid 


fcac-t9ba<?m^s  bulgaricun: 

If  acidophils;  HOC 

If  lA<fttmn11  HO-& 


60 


O 


HO 
HOCH 
C^HeOH 

L-aecorbic  acid 


Mere  and  Mengele,  Biochea.  g..  179.  238^+7  (1926). 
C.A.  2=L  201 3s  (1927). 


Ri.  864 


O 

A. 


Y 


quinone 
( benzoquinane ) 


yeast 


OH 

As 


f 

OH 

hydroquinone  (^5^) 
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Neuberg  and  Simon,  Biochem.  £.  171.  256-60  (1926). 
G.A.  20,  33082  (1926). 

Rx.  865 

A, 


H3C 


CH 


V 

o 


yeast 


OH 


H3C\^ 
OH 


2,-xyloquinone 


2,-xylohydroquinone 
(85-93*) 


Neuberg  and  Simon,  Biochem.  Z.  190.  226-31  (1927) 


£.A.  2£,  19911  (1928). 


Rx.  866 


O 


■CH- 


p.-xyloqulnone 


coli  bacteria 
(£.  coli?) 


OH 

\CH3 
OH 

£-xylohydroquinone  (92$) 


Lflers  and  Mengele,  Biochem.  Z.  179.  238-47  (1926), 
£.4.  21,  20138  (1927). 


Rx.  867 


CH3-CH 

I 


CH 


yeast 


OH 

At-CHs 


CH3-CH-V  ^ 


3  O 


CH3  OH 


tbymoquinone 


2-methyl-5-iscpropylhydro- 
quinone  (59#) 
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Liters  and  Mengele,  Biochem.  Z.  179.  238-47  (1926). 
C.A.  21,  20138  (1927). 
Ex.  868 

O 


Br 


Br 


Br 


Br 


yeast 


o 


bromanll 
( te  t  r  a  bromobe  nz  oquinone ) 


OH 
^-Br 

Br-Js^l-Br 
OH 

te  tra  bromohy droquinone 

(a*) 


Lflers  and  Mengele,  Biochem.  £.  179.  238-47  (1926). 

c.A.  2L  20138  (1927). 

Rx.  869 


yeast 


w 


a,  (3 -naphthoquinone 


1 , 2-dihy droxynaphthalene 
(a,  P-naphthohy  droquinone )  (13«5#) 


Ltlers  and  Mengele,  Biochett.  £.  Ul,  238-47  (1926). 

C.A.  21,  20138  (1927). 
Rx.  87O 


yeast 


1 , 4- naphthoquinone 


1 , ^-naphthohy droquinone 
(1,^-dihydroxynaphthalene)  (6jf>) 
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Ltiers  and  Mengele,  Biochem.  Z.  179.  238-^7  (1926). 
SL,  20138  (1927). 


Rx.  871 


yeast 


a-juglone 
( 5-hydroxy-l,4-naphthoquinone ) 


a-hydro jug lone 
( 1 , k , 5-tr ihydroxynaphtnalene ) ( kO$ ) 


Lfiers  and  Mengele,  Biochem.  Z.  179.  238-47  (1926). 
£.4.  2L,  20138  (1927). 


Rx.  872 


o  o 


OH  OH 


yeast 


(For  correct 


structure,  see  "Elsevier' s 
Encyclopedia  of  Org.  Chem."  Vol'. 
12,  81f8.) 


9 , 10-phenanthroquinone 


9 , 10-phenanthronydroquinone 
(9*) 


-  302  - 


II .  Reduction 


X.    R-S-S-R   tf-SH 


Blackburn  and  Challenger,  £.  Cham.  Soc.  1&72-8  (1938). 
C.A.        12655  (1959). 

CH3-S-S-CH3  (£a^m  a**^  CH.SH 


dimethyl  disulfide  methyl  mercaptan 


Neuberg  and  Schwenk,  Biochem.  £.  J^t  118-21  (1915). 
G.-1*  9.,  50586  (1915). 
Rx.  67k 

bottom  yeast 

CHs-CHa-S-S-CHrCH3  —  ~~  CHrCH»SH 


diethyldisulfide  ethanethiol  (k$) 

(ethyl  mercaptan) 

Challenger  and  Ravlings,       Chem.  Soc.  868-75  (1957). 

C.A.  2L  53214  (1957). 

Rx.  875  Scopulariopsis  brevicaulis 

(fgjajcllllaa  breyicauje) 

CHs-CHa-S-S-CH*-CHa   -  CHrCHtSH 


diethyldisulfide 


ethyl  mercaptan 


-  503  - 


Challenger  and  Greenwood,  Biochem.  Mfc,  87-91  (19^9). 
£.4.  kl,  6286f  (1949). 


Rxe  876 


Scopiflariopsis 

CH^CH-CHz-S           brevlpa^^    ^  CHjf  CHrCHaSH 

ChFCH-CH/t-S 

diallyl  disulfide  allyl  mercaptan 


Challenger  and  Rawlings ,  £.  Chem.  Soc.  868-75  (1937). 
£.A.  ^1,  5321^  (1937). 

Sconulariopsis 
Rx.  877  brevicaulis 

(Penicillium 

CH3-CHe-Chk-S  brevicame)    ^        CH3-CHirCHaS  H 

CH3~*C  Hz~C  H  e~"S 

di-a-propyl  disulfide  a-propyl  mercaptan 


Blackburn  and  Challenger,  £.  Chem.  Soc.  1872-8  (1938). 

£.4.  22,  12655  (1939).  Q      ,    .  . 

Scopulariopsis 

Rx.  878  brevicaulis 

(Penicillium 

CH3-(CHa)3-S  brevjcame)  ^  CH3-£h4-SH 

CHHthU)3-S 

di-n,-butyl  disulfide  a-butyl  mercaptan 


Blackburn  and  Challenger,  2.  Chem.  Soc.  1872-8  (1938). 

£.4.  22,  12655  (1939).  _       _     .  . 

Scopulariopsis 

Rx.  879  brevicaulis. 

(Penicillium 

GH3-(CH4-S  brevtca^e)  CHj-^H^SH 

chWch^-s 

di-n.-amyl  disulfide  n.-amyl  mercaptan 


-  50^  - 


II .  Reduction 


Ju.  -CHO 


-ChUSH 


Neuberg  and  Grauer,  Z.  Physiol.  Chem.  289.  255-6  (1952). 


Rx.  880 


£.A.  hQ,  108l*0c  (195*0. 

Zvmomonas  mobiljs 
(Pseudomonas  lindneri) 
(plus  NH4SH) 

CH3-CHO   ^ 


CH3  CH^SH 


aeetaldehyde 


ethane thiol 
(ethyl  mercaptan) 


Nord,  Bex.  22B.,  1207-11  (1919). 
£.4.  2k,  559  (1920). 
Rx.  881 


CH3-CH£rCKrCHO 


yeast 


CH3~CH^CH2rCHaS  H 


n.-butyraldehyde 


a-butyl  mercaptan  ( 7%) 


Neuberg  and  Grauer,  Z.  Physiol.  Chem.  289.,  255-6  (1952). 
C.A.  kQ,  108U0c  (195*0- 

Zvmomonas  mobilis 
Rx.  882  (Pseudomonas  lindneri) 

_  (plus  NH4SH) 

CH3-CHarCHe-CHO   CH3-CHirC^-C^SH 


n-butyraldehyde 


n- butyl  mercaptan 


-  305  - 


Nord,  Ber.  52B,  1207-11  (1919). 
C.A.  Ik,  559  (1920). 

Ex.  883 

yeast 

CH3-CH-CH*-CHO   -  CH3-CH-CHe-CHa.SH 

CH3  CHa 

isovaleraldehyde  i seamy 1  me reap tan 


II.  Reduction 


® 

CH3-S-CH3   CH3-S-CH3 

R 


Challenger  and  Liu,  Rec.  trav.  chim.  6£,  334-42  (1950). 
C.A.  hh,  6474a  (1950). 
Rx.  884 

QJL  Penicillium  no ta turn 

C  H3-5  -  C  HrChL-COOH   CH3-5-CH3 

CHa 

dimethyl -p-propiothetin  chloride  dimethyl  sulfide  (36-44$) 


Challenger  and  Liu,  Rec.  trav.  chim.  6$,  334-42  (1950). 
£.4.  i±k>  6474a  (1950). 
Rx.  885       g  Scopulariopsis  "brevicaulis 

CH3-CHr§-CHrCOOH   -  CHrCHrS-CHrCHa 

CHa 

diethyl thetin  bromide  diethyl  sulfide  (2k%) 


-  506  - 


Challenger  and  Charlton,  £.  Chen.  Soc.  k2k-9  (l9Vr). 
C.A.  kl,  5578d  (19^7), 

Rx.  886 

I  Seopulariopflis  brevlcaulia 

CH3-$-CH^CH*-CHH300H   CHrS-CHs 

CHs  r^H* 


D,L-metnionine  methlodide  dimethyl  sulfide 

Challenger  and  Liu,  Re£.  trav.  ch^m,.  £2,  3?k-k2  (1950). 

C.A.  kh,  6kjka  (1950). 
Rx.  887 

I  Penicillium  notatum 

CH3n$-CHirCHa-CpH-COOH   CH3-S-CH3 

CH3  NHz 


D,L-methionine  ifleohiodide 


dimethyl  sulfide  (lty) 


-  307  - 


II .  Reduction 


CpHzT"  CH3 

OH 


Braseh,  Biochem.  Z.  22,  403-8  (1909). 
C..A.  i,  (1910). 

Rx.  868  Clostridium  lentoputrescens 

(SacjJias  putrifjtcus) 

CHrCOOH  -  -  CH3-COOH 

OH 

glycolic  acid  acetic  acid 

(glycocoll) 


Brasch,  Biochem.  Z.  22,  403-8  (1909) 

£.4.  !b  ^  (1910). 

Rx.  889 

putrefactive  bacteria 

CHrCH-COOH  — —   CH3-CHrCOOH 

OH  NHi 

serine  propionic  acid 


Detnuelle  and  Grand,  Compt.  rend,  soc.  biol.  l^.  610-11  (19MO. 
39.,  49099  (1945). 

Rx.  89O 

Escherichia  coli 

Chk-CH-COOH         ^  -  CHa-C-COOH 

OH  KjhU,  o 

serine  pyruvic  acid 


-  308  - 


II .  Reduction 


JL 


Reduction  to  methane 


Stephenson  and  Stickland,  Biochem.  £.  2J,  1517-27  (1933). 
C.A.  28,  13705  (193^). 

Rx*     ^  anaerobic  bacterium  plus 

molecular  hydrogen 

CO   ChL 


carbon  monoxide  methane 

ELuyver  and  Schnellen,  Arch.  Biochem.  li,  57-70  (19^7). 
C.A.  k£,  2k5f  (19*8). 

892  Methanoaarcina  barkerii  plus  Ha 

CO   -  CH4 

carbon  monoxide  methane  (100$) 


Stephenson  and  Stickland,  Biochem.  21,  1517-27  (1933). 
C.A.  28,  13705  (193*0. 

Rx*  anaerobic  bacterium  plus 

_  molecular  hydrogen  ^ 

CO*   ^—2-  CH4 


carbon  dioxide 


methane 


-  509  - 


Kluyver  and  Schnellen,  Arch.  Biochem.  14,  57-70  (19^7). 
C.A.  kg,  2k5?  (19^). 
Rx.  89k 

Methanbbacterium  omelianskil 

CO*   CH4 

carbon  dioxide  methane 


Stephenson  and  Stickland,  Biochem.       £2,  1517-27  (1953). 
C..A.  g8,  13705  (195^). 
Rx.  895 

anaerobic  bacterium  plus 
Qf_|3OH       molecular  hydrogen^  CH4 


methyl  alcohol  methane 


Stephenson  and  Stickland,  Biochem.       £2,  1517-27  (1955). 
£.4.  2&  15705  (195*0. 
Rx.  896 

anaerobic  bacterium  plus 
|_j-Q|_jO  molecular  hydrogen  qj__j 


formaldehyde  methane 
(added  as  hexamethylenetetramine) 


Stephenson  and  Stickland,  Biochem.  £.  21>  1517-27  (1935). 
£.A.  28,  15705  (193^). 
Rx.  897 

Q  anaerobic  bacterium  plus 

11         ali  molecular  hydrogen 

H-C-OH   1  »-  CH4 


formic  acid 


methane 


-  310  - 


BLuyver  and  Schnellen,  Arch.  Biochem.  Ik.  57-7D  (l9Vf). 
C..A.  k&  2k5t  (19^). 
Rx.  898 

O  Me-thafloftacterjuffi  formlcicum 

H-C-OH   -  CH4 

formic  acid  methane 


II .  Reduction 


Tfl.      Miscellaneous  types 


Blanchard  and  MacDonald,  £.  Biol.  Cham.  110.  1^5-50  (1935). 
C.A. 
Rx.  899 


C.A.  22,  lt793^  (1935). 


Cloatridiun  acetobutylicum 

CH3-CHa-COOH   -  Cht-ChkCHzOH 


propionic  acid  1-propanol 

Osburn  el  al.,  Iova  State  Coll.  £.  £si.  12,  275-6%  (1938). 

£.4.        ^715^  (1938). 
Rx.  900 

Clostridium  fal&liffla 

CHi-CHi-CH^COOH   CH3H3Ha-CHA-CHaOH 

n -butyric  acid  1-butanol 


-  311  - 


Desnuelle  and  Grand,  Coarot.  rend,  soc.  biol.  138.  610-11  (19^). 
£.4.  ^2,  ±9099  (19^5). 
Rx.  901 

Escherichia  coli 

^HzrCH-COOH         (P*  ™U)   CH3-C-COOH 

SH  fNlHi  6 

cysteine  pyruvic  acid 


Challenger  and  Liu,  Rec.  trav.  nh-tm.  62,  3?k-k2  (1950). 
£.4.  £L  647^a  (1950). 
Rx.  902 

SgflBUlaelgBalg  brevieaulis 

ch3-s-chk:-cooh   ch3-s-ch3 

6 

P-methylmercaptopyruvic  acid  dimethyl  sulfide 


Challenger  and  Liu,  Rec.  trav.  .chjfi.         33^2  (1950). 
C..4.  hk,  Skjka  (1950). 
Rx.  903 

Scopulariopsis  hrevicaulis 

CHa-S-CH^rC-COOH  — —  -  CH3SH 

6 

P^nethylmercaptopyruvic  acid  methyl  mercaptan 

Neuberg,  SuU.  Research.  QsmsH  Israel  i  j£7,  12-lfc  (195*0. 
£.4.        ^078b  (1955). 
Rx.  904 

CH3  ZYfffflgflfte  moMlis  CHa 

j         (£fi£udjaEfflaaa  Ufi^erj)  I 
CH3_^0  —  CH3-rjsl 

CH3  CHa 
trimethylamine  oxide  trimethylamine  (66%) 


-  312  - 


Challenger  and  North,  £.  Cham.  Soc. .  68-71  ( 193*0. 

21,  19839  (193^). 

903  SSgmdaiifiBfiia  brevioaulis 

(Penicillium  brevicaule) 

CH3-ChU,-S  — O   -  CHa-CHar^ 

CHz  (j^Ha 
CH3  CH3 

diethylsulf oxide  diethylsulf ide 

Challenger,  Chemistry  and  Industry.  657-62  (1935). 
£.4.  22.,  621k6  (1935). 
Rx.  906 

SffffialarigBflig  brevicaulis 
CEgflSlUiMB  brevjgaule) 

R3As-0   AsH3 


tertiary  arsine  oxides  arsine 


Lintner  and  Liebig,  2..  Physiol.  Chem.        109-21  (1913). 
£.4.  fi,  11266  (191*0. 
Rx.  907 

CH-CH  bottom  yeast  CH— CH 

if    11   n  11 

CH   C-CHO  CH  C-CH-CHzrCHa, 

xO  O      OH  OH 

furfural  l-furyl-l , 3-propanediol 

Ackermann,  £.  Biol.  SJj  1C4-11  (1911). 
£.A.  6,  1015  (1912). 

Rx.  908 

CH*-CH*  putre!!!^L^ritH,-CH,)3-COOH 
CH*  CH-COOH  NH* 
NH 

proline  £ -aminovaleric  acid 


-  313  - 


Neuberg,  Biochem.  Z.  21,  ^90-500  (1911). 
C.A.  6,  k9kl  (1912). 
Rx.  909 

putrefactive  bacteria  , 
yHarCHa   CH_£H^_COOH 

CH*  CH-COOH 
NNH 


d,l-proline  £- valeric  acid 


Fischer  and  Wiedemann,  Ann.  513.  260-80  (1934). 
£.4.  22,  13839  (1935). 


Rx.  910 


CH=CH-CH3  yeast  CH-CH*rCH3 

CH=CH-CHO  C\-\-CH*rCHzOH 


2,4-hexadienal  3-hexene-l-ol 
(sorbic  aldehyde) 

Yaoi  and  Hosoya,  Japan  Med.  World  6,  8l-3  (1926)» 
£.4.  2±,  5987  (1927). 
Rx.  911 

.       _      Escherichia  coli 

S-CHrCH-COOH  (Bacillus 

^  gggfflmla)  CHa-cH-COOH 
S-ChUrCH-COOH  SH  NH2- 


cystine 


cysteine 


-  314  - 


Neuberg  and  Nord,  ggr..  47B.  2264-71  ( 191*0. 
£.A.  8,  32993  (191*0. 
Ex.  912 


f 


CH3-CH  NH 


CH-CH: 


S — CH-CHa 


yeast 


CH8-CH*SH 


thlaldlne 
(source  of  thloacetaldehyde) 


ethane thiol 
(ethyl  mercaptan) 


May,  Enzvmologla  18.  142-4  (1957). 

£•&•  51,  l6683f  (1957). 
Rx.  913 


O 
t 


pyridine -N-oxide 


bakers'  yeast 


V3 

pyridine  (l6#) 


Neuberg  and  Welde,  Bia&ttt&*  £•  fiL  I8-2?  (191^). 
£.4-  2,  586  (1915). 
Rx.  914 


NO 


yeast 


A, 


nitrosobenzene 


aniline 
(approx.  2l£) 


-  515  - 


Lliers  and  Mengele,  Biochem.  Z.  179.  238-47  (1926). 
£.4.  21,  20138  (1927). 


Rx.  915 


OH 
NO 

2,-nitrosophenol 


yeast 


OH 
NHx, 


E.-aminophenol  (40$) 


Neuberg  and  Welde,  Biochem.  J..  6l,  18-23  (191^). 
£.A.  2,  586  (1915). 
Rx.  916 

NH-OH 


yeast 


MHz 


phenylhydroxylamine 


aniline  (4<#) 


Neuberg  and  Welde,  Biochem.  Z.  61,  18-23  (191*0. 
£.A.  2,  586  (1915). 
Rx.  917 

NH-OH 

yeast  rf'^v-  N=N 


phenylhydroxylamine 


azobenzene  (ll#) 


-  316  - 


Lflers  and  Mengele,  Biochem.  Z.  tf£,  238-47  (1926). 

£.4.  SL,  20138  (1927). 
Rx.  918 

NOH 

yeast 

V 

NOH 


NHa 


benzoquinonedioxime 


p.-phenylenediamine  (62$) 


Neuberg  and  Reinfurth,  Biochem.  £.  1^8,  56I-8  (1923). 
£.A.  18,  1029  (192^). 
Rx.  919 

NO* 


top  yeast 


B-dinitrobenzene 


fi-dinitroazoxy  benzene 


Bird  si  fll.,  Biochem.  £.        78-83  (19^8). 
£.4.  i£,  2670g  (19^9). 
Rx.  920 


OH  © 
CHa-As-CHs 


e 
no3 


«     1  4    4  CH3-As-CH3 


brevioaulis 


phenyldimethylhydroxyarsoniuin 
nitrate 


phenyldimethylarsine 


-  517  - 


Chen  and  Peppier,  J_.  Biol.  Chem.  221.  101-6  (1956). 
£.A.  50,  l40l+9i  (1956). 
Rx.  921 

CH=CH-CHO 


Saccharomyces  cerevisiae 
mutant 


CH-CHe, 


V3 


cinnamic  aldehyde 


styrene 


Ichihara  et  al.,  £.  Biochem.  (japan)  42,  529-32  (1955). 
C.A.  50,  1120f  (1956). 
Rx.  922 

CHrCH-COOH 


nx     NH2    Escherichia  coll  indologenes 
\i  "Nomen  dubiiim"  r  >o 


OH 
tyrosine 


OH 
phenol 


Ichihara  ei  a^.,  J_.  Biochem.  (japan)  kg,  529-32  (1955). 
£.A.  50,  H20f  (1956). 
Rx.  923 


-CHarCH-COOH  Escherichia 


NHj 


£211  j 


mm 


togenes 

"Nomen  dubium" 
  » 


H 


H 


tryptophane 


indole 


-  318  - 


Fischer  and  Wiedemann,  Ann.  515.  260-80  (1934). 
£.4.  22,  13839  (1935). 


Rx.  924 


CH=CH-C-COOH 


11 


O 


V 


yeast 


benzalpyruvic  acid 


3-phenyl-l-propanol  (75#) 


Kihara  slal.,  2.  Biol.  Chem.  217.  497-503  (1955). 

C.A.  5£,  4501d  (1956). 
Rx.  925 


O-CHa-CH^-cpH-COOH 
NJH  NH* 
C=NH 
NHz 

canavanine 


HO-CH^-CHz-CH-COOH 

Streptococcus  faecalis:  NH2, 
£.  equ,inu,g 

*"~  homoserine  (8C#) 

11 

NH 

guanidine 


Fischer  and  Wiedemann,  Ann.  522.  1-16  (1936). 
C.A.  *0,  37806  (1936). 
Rx.  926 


CH-CH=CH-CH, 

CH-CH=CH-C-COOH 

O 


CH-CH=CH-CH3 
CH-CHa-CH  CHaOH 


2-keto-3,5>7-nonatrienoic  acid 


4 , 6-oc tadiene-l-ol 


-  319  - 


Babi&a  el  a!.,  Czech.  84,320  (May  1,  1955)- 
C.A.  50,  9686b  (1956). 
RXo  927 

yri3  y-na  LH2,  digitatum  y  >^Ma  M^2, 

C=C  CH-CHa  -  CH-CH  ^CH-CH3 

CHa    CH-Chk  CH3  CH-CH* 

OH  OH 

pulegol  menthol 


Babi&ca  et  al.,  Czech,    84,320  (May  1,  1955). 
£.4.  50,  9686b  (1956). 
RXo  928 

CH^-CH,  ?H3  CH.-CH, 

C-CH         ^CH-CH*  ^   CH-CH  ^CH-CH3 

CHa.   CH-CHe  CHa  CH-CH*, 

OH  OH 

isopulegol  menthol 


-  320  - 


III.  Decarboxylation 


a.  -CHsrCOOH 


-CH: 


Thaler  and  Eisenlohr,  Biochem.  Z.  ^08.  88-102  (19^1). 
C.A.  21,  I551  (1943). 

Rx-  929  PeniciljLiuff 

gla,ucw 

CH3-CH=CH-COOH   -  CH3-C-CH3 

6 


crotonic  acid 


acetone 
(2-propanone) 


Coppock  el  aJL.,  J-  Chem.  Soc. .  1422-7  (1928) 
C.A.  22,  3^255  (1928). 
Rx.  930 


CHa-C-CHjrCOOH 

6 


acetoacetic  acid 


Aspergillus 


CH3-C— CH3 

6 

acetone  (5-60$) 


Peterson  and  Johnson,  J_.  Bacteriol.  2*5.  69  (1933). 
C.A.  21,  19811  (1933). 

Rx*  931  Clostridium 

acetobutyligujn 

CH3-(^-CHe-COOH   — 

O 


CH3-C-CH3 

O 


acetoacetic  acid 


acetone 


-  321  - 


Delviche,  £.  Bacteriol.  52,  439-42  (1950). 


£.A.  4Jt,  4959d  (1950). 
Rx.  932 

COOH 

COOH 

succinic  acid 


Propionibacterium 
pantos aceum 


Sijpesteijn  and  Elsden,  Biochem.  £.  52,  4l-5  (1952). 
C.A.  lfcX,  1228b  (1953). 


Rx.  933 


COOH 
CH& 
CH*, 
COOH 

succinic  acid 


sheep  rumen 
bacteria 


COOH 

CH*, 

CH3 

propionic  acid 


COOH 

CH* 

CH3 

propionic  acid  (100$) 


Neuberg,  Biochem.  Z.  £x,  90-101  (1914). 
8 


£.A.  %  472u  (1915). 
Rx.  934 

COOH 

c-o 

CH*, 
COOH 

oxalacetic  acid 


putrefactive 
bacteria 


OH 

c=o 

CH3 


acetic  acid 


iAroff  and  Ionesco,  Compt.  rend.  224.  1664-6  (1947). 
£•  A.         3019b  (1948). 
Rx.  935 


COOH 
HC-OH 

CHa 

COOH 

malic  acid 


MpraaeliU 

lvoffi 


COOH 

6=0 

CH3 

pyruvic  acid 


-  322  - 


Coppock  et  al. ,  £.  Chem.  Soc. .  11*22-7  (1928). 
22.,  3^255  (1928). 

Rx-  956  Aspergillus 

CH3-CH2-CHz-CH*-COOH   CHs-CHrC-CHs 

6 

a-valeric  acid  2-butanone  (50$) 

(Ca  salt)  (me thy le thy Ike tone) 


Thaler  and  Eisenlohr,  Biochem.  Z.  ^08.  88-102  (19^1 ). 
C.A. 
Rx.  937 


C.A.  21,  1551  (1*3). 


Penicillium 

CH*-(CH^rCH=CH-COOH   -  CH3-(CH4rC-CH3 

O 

2-hexenoic  acid  2-pentanone 

(a-propylme thy Ike tone ) 

Stflrkle,  Biochem.  Z.  151,  371-^15  (1924). 
£.4.  12,  2241+8  (1925). 

Rx'  938  Penicillium 

glflUSlffl 

CHi-(CH^£-CH£-CHz-COOH   CH3-(CH4-C-CH3 

6 

a-caproic  acid  2-pentanone 
(ammonium  salt) 

Karabinos  and  Ferlin,  Euclides  (Madrid)  ±&,  I7I-5  (1956). 

C.-A.  51,  lO^g  (1957). 

Rx-  939  Aspergillus  tamarii  (60-70*); 

other  Aspergillus  sp. 

CH3-CCH4-CHa-CHrCOOH   -  CH3-(CHa)-C-CH3 

O 


n.-caproic  acid 


2-pentanone 


-  325  - 


Stfirkle,  Biochem.  Z.  151,  371-^15  (1924). 
C.A.  12,  22 448  (1925). 

Rx.  940  Penicillium  glaucum; 

Aspergillus  sp. 

CH3-(CH4-CHe-CHa-COOH   CH3-(CH*)3-C-CH3 

O 

enanthic  acid  2-hexanone 
(from  fat)  (n.-butylmethylketone ) 


Karabinos  and  Ferlin,  Euclides  (Madrid)  l£,  171-5  (1956). 
C.A.  5i,  106^g  (1957) . 

Rx.  941  Aspergillus 

tamarj.i 

CHrCCH^-CKrCHrCOOH   CHrCCH^-C-CH 

6 

enanthic  acid  2-hexanone 


Starkle,  Biochem.  Z.  151.  371-^15  (1924). 
C.A. 
Rx.  942 


C.A.  12,  22448  (1925). 


Penicillium 
glaucum 

CH3-(C\-\^-CH*rCHz:COOH   —  CH3-(CH*)-C-CH3 

caprylic  acid  2-heptanone 

(NH4  salt)  (n,-amylmethylketone) 


Karabinos  and  Ferlin,  Euclides  (Madrid)  1&,  171-5  (1956). 
C.A.  51,  10654g  (1957). 

Rx.  94-3  Aspergillus 

tamarii 

CHr(CH^rCHzCHrCOOH   -  CHi-(CH^)-C-CH3 

O 


caprylic  acid 


2-heptanone 


-  yak  - 


Starkle,  Biochem.  Z.  1*51.  371-415  (1924). 
C.A.  19_,  22448  (1925). 

Rx.  944  Penici Ilium  glaucum: 

Aspergillus  sp. 

CHrCCH^rCKrCHrCOOH   CHHp^C-Chfe 

6 

pelargonic  acid  2-octanone 

(n.-hexy  lme  thylke  t one  ) 

Karabinos  and  Ferlin,  Euclides  (Madrid)  l£,  171-5  (1956). 
C.A.  2L,  1065^g  (1957). 

Rx.  945  .  ... 

Aspergillus 
tamarii 

CHi-(CH^-CH^-CKrCOOH   -  CHrfCH^-g-CH* 

pelargonic  acid  2-octanone 


Thaler  and  Eisenlohr,  Biochem.  £.  ^08.  88-102  (l94l). 
C.A.  22,  1551  (1945). 

Rx-  Penicillium 

glaucum 

CH3-(CH2)-CH=CH-COOH   -  CHrCCH^-C-CHs 


2-decenoic  acid  2-nonanone 

fc-heptylme thy Ike tone ) 

Starkle,  Biochem.  Z.  151 .  571-415  (1924). 
C.A.  12,  22448  (1925). 
Rx.  947 

Penicillium 
glaucum 

CHi-(CH4-ChlrCKrCOOH   ~~  CH3-(CHa)e-C-CH3 

6 


capric  acid 
(ammonium  salt) 


2 -nonanone 


-  325  - 


Starkle,  Biochem.  Z.  l^l,  371-415  0-924). 

C.A.  12,  22448  (1925). 

Rx.  948  .  .... 

Penicillium 

glaucum 

CH3-(CHa)-CH&-CH^COOH   CH3-(CH*)-C-CH3 

6 

lauric  acid  (ammonium  salt)  2-undecanone 

(n,-nony  lme  thy  Ike  tone  ) 

Acklin,  Biochem.  Z.  204.  253-74  (1929).  See  Karrer  and  Haab,  Helv.  Chim. 
C.A.  21,  19273  (1929).  Acta  ^1 ,  795-S  (1948). 

Rx.  949 

Penicillium 
.  glaucum 

CH3-(CH^  -  CHa-CHe-COOH  — - — -   CH3-(CH*)^C -CH3 

6 

monocarboxylic  fatty  acids  2-alkanones 
(n  -  2-10) 


Thaler  and  Eisenlohr,  Biochem.  Z.  508.  88-102  (1941). 
C.A.  , 

Rx.  950 


C.A.  21,  I551  (1943). 


Penicillium 

CH3-(CH4-CH=CH-COOH   CH3-(CH4-C-CH3 

O 

2-tetradecenoic  acid  2-tridecanone 

(n-undecylmethylketone ) 


-  326  - 


III.  Decarboxylation 


h  -CH-COOH 
NHz 


NHz 


Nord,  Biochem.  £.  21,  281-5  (1919). 
C.A.  lit,  9322  (1920). 

Rx.  951 


CHrCH-COOH 
OH  NHz 


putrefactive 
bacteria 


QHryHz 
OH  NHz 


serine 


2 -aminoe thanol 
(approx.  6$) 


Ackermann,  Z.  Biol.  5£,  87-90  (1911 ). 
C.A.  6,  101^  (1912). 
Rx.  952 

OOOH  putrefactive 

HC-NHz 
6Hz 
COOH 

aspartic  acid 


Dacteria 


CHz-NHz 

CHz 

foOH 

P-alanine 


Billen  and  Liens tein,  £.  Bacteriol.  51,  267-fi  (1949). 
C.A.  l£,  4336 f  (1949). 
Rx.  953 

COOH  Rhizobium 

H(J>NH* 
CHz 
dOOH 


trifolii 


aspartic  acid 


9-U-NH* 

CH* 

COOH 

P-alanine 


-  327  - 


Ellinger,  Ber.  ^B,  3183-6  (1898). 
Brit.  C.A.  Z£  [i],  186  (l899). 
Rx.  954 

putrefactive 
bacteria 

CH*-fcHe)rCH-COOH   -  CH*-CH*-CHa-CH«. 

NHa  NHa  NH*.  NH* 

ornithine  putrescine 

(1,4 -di  aminobut ane ) 


Virtanen  et  g!„.  Nature  142.  67^  (1938). 
C.A.  I 
Rx.  955 


C.A.  22,  21656  (1939) 


legume 
bacteria 

HOOC-CH-(CH*)-COOH              -  CH*-(CH^COOH 

L-glutamic  acid  V -aminobutyric  acid 


Arai,  Biochem.  Z.  122,,  251-7  (1921 ). 
C.A.  16,  9J+55  (1922). 
Rx.  956 

Proteus 
vulgaris 

CH3-CH - CHr CH - COOH   CHs-CH-Cbk-ChL 

CH3         NHz,  CH3  NHa. 

l-leucine  3-methyl-l-aminobutane  (approx.5^) 

(isoamylamine) 

Ellinger,  Z.  physiol.  Chem.  29_,  33^-48  (1900).    See  Bgr.  32B.  35^2-6  (1899). 
Brit.  C.A.  J8  [i],  1U3  (1900). 
Rx.  957 

putrefactive 
bacteria 

CHe-(CH2),-CH-COOH   CH^CH^-CH*. 

lysine  cadaverine 

(l , 5 -d i aminopent  ane ) 


-  328  - 


Virtanen  and  Laine,  Suomen  Kemistilehti  9B.  17-18  (1936). 

C.A.  2i,  26311  (1937).  "Escherichia  coli 

Rx.  958  (B.  coli) 

Pseudomonas  fluorescein 
(B .  flu,grescen,s  liouef aciens ) 

CHz-(C^)rCH-COOH   -  CHz-(CHz)rCHz 

lysine  cad aver ine 


Hirai,  £.  Biochem.  (Japan)  22,  435-8  (1939). 
C.A.  2i,  86 7^7  (1939). 
Rx.  959 

Aerobacter  aerogenes 
(Ba.cil^us  lactis  aerogenes ) 

CHa-(CH^3-CH-COOH   -  CHKCH^hU 

NhU  Nhk  NhU  NhU 

lysine  cad aver ine 


Ackermann,  Z.  nhvsiol.  Chem.  £0,  482-501  (1909). 
C.A.  k,  hjh  (1910). 
Rx.  960  putrefactive 

CH*-(CHe)rCH-COOH  bacteria  CHa-CKrChU-ChU 
NH  NH*  NhU  NhU 

C=NH 
NhU 

arginine  •  putrescine 


Ackermann,  ZA  phvsiol.  Chem.  £2,  504-10  (1910). 
Rx.  961 


a. A.  g,  14607  (1911). 


putrefactive 

N  C-CHz-CH-COOH        bacteria  N  C-CHi-ChU 

CH        ^   CH  CH  NH* 

V  V 
H  H 

histidine  histamine  (approx.  40$) 


-  329  - 


Berthelot  and  Bertrand,  Compt.  rend.  1*54.  16^3-5  (1912). 
C.A.  £,  3W35  (1912). 

**•  962  (paging 

N — C-CH»-CH-COOH  aatoggto  N— C-CH^-CH^ 
CH  CH       NH*  jntestWs)     CH   CH  NhU 

\kj  Apparently  a  \v| 

Pj  variety  of  jjj 

histidine  KlSfcaiglla  histamine 

pneumoniae 


Koessler  and  Hanke,  £.  Biol.  Chem.  22,  539-84  (1919). 

C.A.  1£,  32065  (1919).  Escherichia 

Kx'  *5  (Bacillus  coli 

N  C-CHa-CH-COOH        communis)         N  C~CH^"CHa. 

II             II                     N|_|  * "         II  II  KJI_I_ 

CH   CH       NH*  CH   CH  NhU 

H  H 

histidine  histamine  (50%) 


Koessler  gt  al.,  £.  Infectious  Diseases         363-77  (1928). 

C.A.  23,  4962 9  (1929).  Salmonella  sp. 

Bx~96k  (62-80^); 
"*m  ™  Escherichia 

N—  C-O-U-CH-COOH    con  (99*)      N — -C-CHz-CH* 

II       II  k!iH   II       II  mm 

CH  XCH       NM2-  CH   CH  NhU 

H  H 

histidine  histamine 


Gladkova  et^.,  Mikrobiologiva  PP.  Hn_U  (1953). 

C.A.  VL,  12523b  (1953). 
Rx.  965 

Staphylococcus 

N — C-CKl-CH-COOH       ssaHsms    N — C-Ok-CH* 

CH  CH        NH.  -    CH   CH  ^ 

N  V 
H  H 

L-histidine  histamine 


-  350  - 


Amatsu  and  Tsudji,  Acta  Schol.  Med.  Univ.  Kioto  2,  447-57  (1918). 
£.A.  lit,  1695^  (1920). 


Rx.  966 


CHrCH-COOH 


x1 


NK 


Proteus  vulgaris 

(Bacillus  proteus 
vulgaris): 

Bftcil^ufi 

subtilis 


CH^tOHs 
NK 


d , 1 -phenylalanine 


P -phenyle thylamine 


Berthelot  and  Bertrand,  Comnt .  rend.  154.  1826-8  (1912). 


C.A.  6,  3443T  (1912). 
Rx.  967 


CHrCH-COOH 

Bacillus  acidophilus 


CH2.  CH& 


tyros  ine 


intestinalis 
(Apparently  a  variety 
of  Klebsiella 

aagaaapia&fJ 


OH 

p_-hydroxypheny  le  thy  lam  ine 
(tyramine  ) 


Sasaki,  Biochem.  Z.  52,  429-35  (1914). 
C.A.  8,  18062  (1914). 

Rx-  968  CHzrCH-COOH 

Escherichia  coli 


(Bacterium  coli  commune ) 


OH 


CH^rCH;*. 

r\Hz 


OH 


tyrosine 


p-hydroxyphenyle thylamine 
(79%) 


-  331  - 


Koessler  gt  fli- ,  £.  Infectious  Diseases  ^  363-77  (1928). 
C.A.  2i,  49629  (1929). 
Rx.  969 

CHa-CH-COOH 

,viria  Streptococcus 
lactis  (70%) 


ChUrCHa. 


( 

OH 

tyrosine 


So  iflulinaceous 
(possibly  S_.  bovis ) 
(39%) 

other  Streptococcus 
sp.  (43-50%) 


Grimmer  and  Wauschkuhn,  Milchv.  Forsch.  20.  110-30  (1939) 

C.A.  2^  2411+5  (19^0). 
Rx.  970 


CHrCH-COOH 

Aerobacter  aerogenes 


CHjS~CH; 


OH 


(Bact.  lactis -aerogenes ) 
Bacillus  subtilis  (?) 
(Bag,  mesenter icus ) 


f 

OH 


tyrosine 


tyr  amine 


Ewins  and  Laidlaw,  froc .  Chem. 

C.A.  2,  35705  (1911). 
Rx,  971 


§22..  (London)  2&,  3^3  (1911). 


■CHarCH-COOH 


NT 
H 


putrefactive 
organisms 


CH^rCH* 
NH* 


tryptophane 


tryptamine 
(3 - (P -aminoe  thy 1 ) -indo le ) 


-  332  - 


Laidlaw,  Biochem.  £.  £,  Ul-50  (1912). 
£.A.  £,  19299  (1912). 

Rxo  972 


OH*-CH-COOH 

HaN  Pu"bref' active  bacteria 


w 

H 


"CHUrCH^ 
NH* 


H 


tryptophane 


trypt amine 
(3- (3 -aminoethyl ) -indole ) 


III.  Decarboxylation 


C.  -CH-COOH   ■  CH* 

Kjh*.  OH 


Ehrlich,  Biochem.  i+38-66  (1906). 

C.A.  2,  256B2  (1908). 

Rx.  973 

yeast 

CHirCH-COOH   CHrCH*. 

OH  f^H„  OH  OH 


d,l -serine 


1,2-ethanediol 
(ethylene  glycol) 


-  333  - 


Kepner  si  &L>  >  Arch.  Biochem.  Bio-phvs.  51.  88-93  (1954). 
£.A.         10991b  (1954). 

Sqccharpmyceg 
xtx .  Y( 4  cerevisiae 

var.  elli-psoideus 

CHrCH^rCH-COOH   —  CHrCHirCH*, 

tslH*  OH 

a-amino-fl-butyric  acid  1-propanol  (approx.  3$) 


Antoniani  and  Cioffi,  Aaa.  chim.  applicata  ^8.  429-33  (1948). 

£.A.         75^1f  (1949).  e  v 

R      o7e-  fiaccftaj-omyses 
ttx«  cerevisiae 

(S.  ellinsoideus) 

HOOC-(CHz)-CH-COOH   HOOC-.(CHafe-CH, 

KjHe,  OH 
glutamic  acid  V-hydroxybutyric  acid 


Ehrlich,  ggr..  J£QB_,  1027-47  (1907). 
£.A.  1,  15396  (1907). 
Rx.  976 

top  yeast 

CHa-CH^-QH-CH-COOH   CHrCHrQH-CH* 

CH3  NH*,  CH3  OH 

isoleucine  2-methyl-l-butanol 


Ehrlich,  Biochem.  Z.  through  Z.  ges.  Brauv.  (1907). 
C.A.  1,  29281  (1907). 
Rx.  977 

yeast 

CHa-CH-CKrCH-COOH   CHi-^H-CHrCHa, 

CH3        rsJH*  CHa  OH 

leucine  3-m©thyl-l-butanol 


-  334  - 


Ehrllcfc,  885,591  (April  21,  1908). 

C..A.  Z,  25999  (1908). 
Rx.  978 


R-CH-COOH 


microorganisms 


R  -ChkOH 


leucine,  isoleucine  and 
isovaleric  acid  mixture 


R  =  isopropyl,  isobutyl  and 
sec -butyl 


fusel  oil 


Enrlich,  Ber.  4  OB.  1027-47  (1907). 
C.4.  1,  15396  (1907). 

hkN-CH-COOH 

Rx.  979  >k 

yeast 


phenylaminoacetic  acid 
(phenylglycine ) 


CH2.0H 


benzyl  alcohol 


Horsters,  Chem.  2tg.  22,  74  (1913). 
C.A.       7271  (1914). 

H*N-CH-COOH 


Rx.  980 


phenylglycine 


(Oidium  lactis J 


^H*OH 


benzyl  alcohol  (7.8#) 


Ehrlieh,  gex-  ItQB,  1027-47  (1907). 
C.A.  1,  I5596  (1907). 

rx  981  CHjtCH-COOH 

yeast 


CHarChL 

OH 


phenyl  alanine 


P -phenyle thanol 


-  335  - 


Ehrlich,  Ber.  4QB,  1027-47  (1907). 
S..A.  1,  15396  (1907). 

rx.  962  CHr-CH~COOH 


CHe~CHa 
OH 


yeast 


OH 


tyrosine 


QH 

^_(£_hycLrcacyphenyl)-ethanol  (tyrosol) 


Hirai,  Acta  Schol.  Med.  Univ.  Kioto  2.  425-32  (1918). 
C.A.  14,  16951  (1920). 

CH^CH-COOH  + 

•J  Aerobacter  aerpgenes 

'^"'2'  (Bacterium  lactis 

aerogenes ) 


Rx.  983 


OH 


1 -tyrosine 


CH^—CH2, 
OH 


OH 

tyrosol 


Grimmer  and  Wauschkuhn,  Milchw.  Forsch.  20,  110-30  (1939). 
C.A.  2it,  24145  (19^0). 

rx.  984        CH*-CH-COOH  CHz-CH^ 

Aerobacter  aerogenes 


OH 

tyros  ine 


(Bacillus  lactis  aerogenes ) 
Bacillus  subtilis  (?) 
(B.  mesentericus) 


OH 

tyrosol 


Ehrlich,  Ber.  4*5B.  883-9  (1912). 

C.A.  6,  24275  (1912). 
Rx.  985 

 -CHrQH-COOH 

NH2,        press  yeast 


H 


CH2,  CH2, 

OH 


tryptophane 


p-(3-indolyl)-ethanol  (tryptophol)  (80$) 


-  336  - 


III.  Decarboxylation 


0    ®  © 

dU  -C-COOH   -COOH 

o 


Neuberg,  Biochem.  Z.  6j,  90-101  (191*0. 
C.A.  2,  1+728  (1915)  = 
Rx.  986 

putrefactive  bacteria 

CHa-C-COOH   CHrCOOH 


pyruvic  acid  acetic  acid 

Peterson  and  Johnson,  J_.  Bacteriol.  g^.  69  (1933). 
C.A.  21,  1981"  (1933). 

Rx'  ^  Clostridia 

acetobutvlicum 

CH3-C-COOH   CH3-COOH 

o 

pyruvic  acid  acetic  acid 


Neuberg,  Biochem.  Z.  £l,  122-6  (1914). 
C.A.  < 

Rx.  988 


C.A.  %  472 9  (1915). 


putrefactive  bacteria 

CH3-CHrC-COOH  —  CHrCH&COOH 

6 

a-ketobutyric  acid  propionic  acid 


-  337  - 


Neuberg  and  Ringer,  Biochem.  Z„  Jl,  226-36  (1915). 
C.A.  %  30597  (1915). 
Rx.  989 


fresh 
yeast 


HOOC-(CHz)rC-COOH   HOOC-(GH^-COOH 


a-ketoglutaric  acid  succinic  acid  (99$) 


Neuberg  and  Ringer,  Biochem.  Z.  21,  2.~*>7-hk  (1915). 

C.A.  9,  30597  (1915)o 
Rx.  990 


putrefying 
bacteria 

HOOC-(CH^C-COOH   HOOC-(CH*)rCOOH 

6 

a-ketoglutaric  acid  succinic  acid  (13-19$) 


Iwatsuru,  Biochem.  Z.  168.  3^-5  (1926). 
C.A.  20,  21792  (1926). 
Rx  991 

Acetobacter  xvlinum 
(B.  xyliflw) 


HOOC-(CH^C-COOH   HOOC-fCH^COOH 


a-ketoglutaric  acid  succinic  acid 


Neuberg  and  Peterson,  Biochem.  Z.  6j,  32-^5  (1914). 

C.A.  2,  ^  (1915). 
Rx.  992 

yeast 

CH3-CHirCH-C-COOH   -  CHrCH*-CH-COOH 

CH3  6  CH3 

a-keto-3-methyl-n.-valeric  acid  a-methylbutyric  acid 

(methylethylpyroracemic  acid) 


-  338  - 


Neuberg  and  Rewald,  Biochem.  Z.  Jl,  122-5  (1915). 
C.A.  %  30587  (1915). 
Rx.  993 

putrefying 
bacteria 

CHi-CH^-CH-C-COOH   CH3-CH-CH-COOH 

dH9  6  ChU 


a:-keto-(3-methyl-n.-valeric  acid 


a-methylbutyric  acid 


Willson  and  Adelberg,  I.  Biol.  Chem.  229.  1011-8  (1957). 
C.A.  52,  7430c  (1958). 
Rx.  994 


,  a  mutant  strain  of 
OH         Neurosnora  crassa 


OH 


HOOC-C-CH^-C-COOH 
6  CH3 


HOOC-CHa-C-COOH 
CH3 


V-hydroxy -  Y-me  thy 1 -a- 
ketoglutaric  acid 


citramalic  acid 


III.  Decarboxylation 


CD  @ 

Jk.  -OCOOH 
11 

o 


-CHO 


Neuberg  and  Kerb,  Biochem.  Z.  53,,  406-19  (1913).    See  ibid.  l£,  491-9  (1912). 
Brit.  C.A.  10k  [ii],  1026  (1913). 
Rx.  995 

V8fiS"t 

CH3-C-COOH   CH3-CHO 

O 


pyruvic  acid 


acetaldehyde 


-  339  - 


Brunel-Capelle,  Compt.  rend.  222.,  1480-1  (1951). 
C.A„  4£,  4605b  (1952). 
Rx.  996 

Saccharomyces 
cerevisiae 

HOOC-C-COOH   -  HC-COOH 

o  o 

mesoxalic  acid  glyoxylic  acid 


Neuberg  and  Kerb,  Biochem.  Z.  42,  413-20  (1912) . 
Co A.  X,  17285  (1913). 
Rx.  997 

yeast 

CHi-CH^rC-COOH   -  CHrCHe-CHO 

6 

a-ketobutyric  acid  propionaldehyde  (4.2$) 


Sen,  Biochem.  Z.  143.  195-200  (1923). 
C.A. 
Rx.  998 


C.A.  18,  2l8l2  (1924) 


yeast  plus  sodium 
sulfite 


CH3-CH-g-COOH   —  CH3-CH-CHO 

CH3  O  CH3 

a-keto-P-methylbutyric  acid  a-methylpropionaldehyde 

(75*) 


Neuberg  and  Peterson,  Biochem.  Z.  62,  32-45  (1914). 

C.A.  %  472^  (1915). 
Rx.  999 

yeast 

CHs-CHz-CH-C-COOH   CHrCHs-CH-CHO 

CHs  6  CH3 

a-keto-3-methylvaleric  acid  a-methylbutyraldehyde 
(methylethylpyroracemic  acid) 


-  340  - 


Sen,  Bioehem.  Z.  140.  447-52  (1923). 
C.A.  18,  13059  (1924). 
Rx.  1000 


CH3-(CH2)3-C-COOH 
6 


yeast 


a-keto-a-caproic  acid 


CH3-(CH^)3-CHO 


a-valeraldehyde  (70$) 


Binder-Kotrba,  Bioehem.  Z.  174.  440-2  (1926). 
C.A.  21,  4262  (1927). 

0=C-COOH 

Rx.  1001 


bottom  yeast 


phenylglyoxylic  acid 


HC=0 


benzaldehyde  (62$) 


III.  Decarboxylation 


©    ©  © 

-C-COOH   -Cf-UOH 

11 

o 


Neuberg  and  Peterson,  Bioehem.  Z.         32 -4 5  (1914). 
C.A.  9,  472^  (1915). 
Rx.  1002 

top  or  bottom 
yeast 

CH3-CH.-CH-C-COOH   CHa-CH^CH-CHaOH 

CHa  6  CH3 

a-keto-3-methyl-n-valeric  acid  2-methyl-l-butanol 
(methylethylpyroracemic  acid) 


-  341  - 


Fischer  and  Wiedemann,  Ann.  522.  1-16  (1936). 
C.A.  30,  378O6  (1936). 
Rx.  1003 


CH-CH=CH-CH3  yeast  CH-CH=CH-CH3 

CH-CH=CH-C-COOH  CH-CK-CH^-CH^OH 

6 


2-keto-3,5> 7-nonatrienoic  acid  4,6-octadiene-l-ol 


Neubauer  and  Fromherz,  Z.  physiol.  Chem.  JO,  326-5O  (1911 ). 
Co  A.  %  17896  (1911). 


Rx.  1004 

Chk-C-COOH 

^  o 

f 

OH 

£-hydroxyphenylpyruvic  acid 


yeast 


CHi-CHiOH 


f 
OH 


P-(p_-hydroxyphenyl)-ethanol  (32$) 


Fischer  and  Wiedemann,  Ann.  51%  260-80  (1934) 

C.A.  29.,  13839  (1935). 
Rx.  1005 

CH=CH-C-COOH 

O 

yeast 


CHtCHstCHeOH 


benzalpyruvic  acid 


3 -phenyl -1-propanol  (75$) 


-  %2  - 


III.  Decarboxylation 

0        ©  © 

Of.  -CH-COOH   •  COOH 


Ehrlich,  Z.  Sniritusind.  JO,  327  (1907). 
Brit.  C.A.  24  [ii],  hl6  (l908). 
Rx.  1006 

yeast 

HOOC-CCH4-CH-COOH   -  HOOC-(CH4-COOH 

rsiHe 

glutamic  acid  succinic  acid  (87.5$) 


Miyaji,  £.  Chem.  Soc.  Japan  ^  391-^50  (1925). 

C.A.  20,  28709  (1926). 

Rx    1007  Acetobacter  aceti 

(Bact.  aceti). 
Bacterium  schtitzenbachii 

hooc-(ch4-ch-cooh   hooc-(ch4-cooh 

f\JH* 


glutamic  acid 


succinic  acid 


Chikano  and  Kitano,  Z.  nhvsiol.  Chem.  l6h.  217-25  (1927). 
C.A.  21,  1662  (1927). 


Rx.  1008  _ 

HAN -CH-COOH 


Geotrichum  candidum 
(Oidium  lactis ) 


COOH 


d , 1-phenylglycine 


benzoic  acid  (approx.  8$) 


-  3^3  - 


III.  Decarboxylation 


Miscellaneous  types 


Pakes  and  Jollyman,  £.  Chem.  Soc.  Z9_,  386-91  (1901). 

Aerobacter  aerogenes  (Bacillus 

lactis  aerogenes ):  Serratia  mar- 
cegcens  Cg_.  cloacae);  other 

species  of  bacteria 

H -COOH  


Rx.  1009 


HI; 


formic  acid 
(Na  salt) 


hydrogen 


Stadtman  and  Barker ,  Arch.  Biochem.  21,  256-64  (1949). 
CoA.         7l87g  (1949). 

methane  bacteria 
Rx-  1010  (probably  of  the  genus 


Methanpcoccus ) 


CHa-COOH 


CK 


acetic  acid  methane 


Kuhn  and  Ebel,  B§r.  'ffB.  1447-9  (1925). 
C.A.  20,  367s  (1926). 

rx.  1011       COOH  COOH 


i-lf^  bottom  t  J,,' 

hc/U  hc/0 

H 


COOH 

ethylene  oxide-a,P-dicarboxylic  acid  glycidic  acid 


-  344  - 


Neuberg  and  Schvenk,  Biochem.  Z.  Jl,  104-13  (1915). 
C.A,  %  30J66  (1915). 

Rx.  1012 


HO-C-COOH 


yeasts 


II 


HO-C-COOH 


dihydroxymaleic  acid 


HC=0 
CH*OH 

glycolic  aldehyde 


Neuberg  and  Arinstein,  Biochem.  Z.  117.  269-314  (1921). 

8 


C.A.  15.,  3122  (1921). 
Rx.  1013 

OH 

CHs-C-  CHs-C-COOH 
1  11 

CH3  O 


Clostridium  butyricum 
(Bacillus  butvlic 


OH 


a-keto-V-hydroxy-Y'-methylglutaric 
acid  (pyruvic  acid  aldol) 


CHrCH-CHrC-COOH 

11 

O 


a  -ke  t  o  -  T-hy  d  r  oxy  -n.- 
valeric  acid 


Gale,    I.  Bacteriol.  64,  131-5  (1952). 
C.A.  4£,  9l63e  (1952). 
Rx.  1014  COOH  tfycobacterium 

M.  stercoris 


benzoic  acid 


r^VoH 


OH 


catechol 


Supniewski,  Comnt .  rend,  soc.  biol.  20,  1111-12  (1924) 
£.A.  i8,  21871  (1924). 

HO-CH-COOH 

^  Pseud omonas  aeruginosa 

(Bacillus  nvocvaneus ) 


COOH 


mandelic  acid 


benzoic  acid 


-  345  - 


Hockenhull  et  a^. ,  Biochem.  £.  $0,  605-9  (1952 ) 
C.A.  1±6,  5l29d  (1952). 
Rx.  1016 

HO-CH-COOH 

Penicilllum 


D,L-mandelic  acid 


benzaldehyde 


Butkewitsch,  Biochem.  Z.  145.  442-60  (1924). 


C.A.  12,  915  (1925). 
Rx.  1017 

HO  COOH 

/\ 

S 


HO- 


OH 


OH 


Aspergillus  nlgey; 
a.  <?rxz§<?°, 

MUQ9f  racemosua 


HO-V^ 


quinic  acid 


resorcinol 


Herzog  and  Ripke,  Z.  phvsiol.  Chem.  51,  43-5  0-908) 

C.A.  1,  15378  (1909). 
Rx.  1018 

CH=CH-COOH 


Aspergillus  nigey, 


CH=Ok 


cinnamic  acid 
(ammonium  salt) 


styrene 


-  3M5  . 


Jaminet,  J.  pharm.  Belg.  [N.S.]  %  191-201  (1950), 
C.A.  Mt,  11029e  (1950). 
Rx.  1019 

CH=CH-COOH 

a  PenigiUi\jffl  sp. 


V 


CH=CI-k 


cinnamic  acid 


styrene 


Hockenhull  §t  ai. ,  Biochem.  £.  $0,  6O5-9  (1952). 
C.A.  }±6,  5129d  (1952). 

COOH 

CH-CH3 


Rx.  1020 


0=C-CH3 


hydratropic  acid 


acetophenone 


-  3V7  - 


IV o  Deamination 


CU-CH-   ■  CH- 

NhL  OH 


Ehrlich,  Biochem.  Z.  8,  438-66  (1908) 
Rx.  1021 


2  ,  25682  (1908). 


yeast 

CbU-CH-COOH    -  —  ChVChL 

OH  KjHz  OH  OH 


d,l-serine  1,2-ethanediol 

(ethylene  glycol) 


Kepner,  si  si. ,  Arch.  Biochem.  Biophvs .  51,  88-93  (195*0. 
C.A.  Ij3,  10991b  (195^). 
Rx  1022 

Saccharomvces  cerevisiae 
var .  elllpsoideus 

CHa-CH^-CH-COOH   -  CHa-CHrCHOH 

NH* 

a-amino-a-butyric  acid  1-propanol  (2. 


Antoniani  and  Cioffi,  Ann.  chim.  applicata  3Q,  429-33  (1948). 
C.A.         754lf  (1949). 

Rx'  1025  Saccharomvces 

elllpsoideus 

HOOC-CH-(CH4-CCXDH   CH^CHl-COOH 

KJhU  OH 

glutamic  acid  V-hydroxybutyric  acid 


-  348  - 


Arai,  Biochem.  Z.  122;,  25I-7  (1921 ). 
C.A.  16,  9^55  (1922). 

Rx-  102h  Proteus 

vulgaris 

R-ChkCH-COOH   -  R-CHrQH-COOH 

fslH*.  R=CH3-CH-  OH 

,  .    .  CH3 

1 -leucine                                      d-a-hydroxy-r-methyl-a-valeric  acid 
 (hOj)     (d-leucinic  acid)  

Arai,  Biochem.  Z.  122.,  25I.-7  (1921). 
C.A.  16,  9^55  (1922). 

Rx.  1025  Bacillus 

subtilis 

R-CHrCH-COOH   R-CHrCH-COOH 

KjHz  r  =ch3-c^h-  oh 

CH3    1  -Ot-hydroxy  -  V-me  thy  1 
1-leucine                                                       valeric  acid  (12#) 
 (l-leucinic  acid)  

Miyaji,  £.  Chem.  Sqc..  Japan  4*5.  391-J+50  (1925). 

C.A.  20,  2870^  (1926).      Acetobacter  rancens  (Bact.  rancens ) : 

Bacterium  xylifloides ; 
Rx-  1026  B_.  schtttzenbachii: 

slightly  by  other  bacteria 

R-CHrCH-COOH   R-CHrCH-COOH 

r^H*  r  =CH3-CH-  OH 


CH3 

l-leucine  1-a-hydroxy-r-methyl-n.- 

valeric  acid 

Ehrlich,  Ber_.  lfcQB,  1027-^7  (1907).    See  ibid.  UOB.  2538-62  (1907). 
C.A.  1,  I5396  (1907). 
Rx.  1027 

top 
yeast 

CHa-OHrCH-CH-COOH   CHrCHrCH  -Q-U, 

CH3  KjHk  CH3  OH 

isoleucine  Jl-2-methyl-l-butanol 

(jB-amyl  alcohol) 


-  3^9  - 


Ehrlich,  Ber.  kOB.  1027-1+7  (1907) 
C.A.  I,  15396  (1907). 

H^N-CH-COOH 

Rx.  1028 


yeast 


phenylaminoacetic  acid 
(phenylglycine ) 


ChUOH 


benzyl  alcohol 


Horsters,  Chem.  Ztg.  31,  Jk  (1913). 
C.A.  8,  7271  (1914). 

H^N-CH-COOH 


Rx.  1029 


Geotrichum  candidum 
(Oidium  lactis) 


phenylaminoacetic  acid 
(phenylglyc  ine ) 


HOCH-COOH 


V 

mandelic  acid  (l . 7%) 


Ehrlich,  Bex.  iiPB.,  IO27A7  (1907). 
C.A.  1,  I5396  (1907). 

rx.  1050  CH^CH-COOH 


phenylalanine 


yeast 


CHa-CHaOH 


(3-phenylethanol 


Ehrlich  and  Jacobsen,  Ber.  khB.  888-97  (1911). 
C.A.  %  225k2  (1911)o 

rx.  i03i  CHrpH-COOH 

^\      NHU  Geotrichw 
1  candidum 


d, 1-phenylalanine 


(Oidium 
lactis) 


C^-CH-COOH 
sx  OH 


d-P-phenyllactic  acid 
(33#) 


-  350  - 


Amatsu  and  Tsudji,  Acta  Schol.  Med.  Univ.  Kioto  2.  447-57  (1918). 
C.A.  Ik,  1695^  (1920). 

CH^-CH-COOH  CHe-CH-COOH 

NH*.  Bacillus  OH 

subtilis 


Rx.  1032 


d,l -phenylalanine 


1-P-phenyllactic  acid 


Amatsu  and  Tsudji,  Acta  Schol.  Med.  Univ.  Kioto  2.  447-57  (1918). 
4 


C.&.  lit,  1695  (1920). 
Rx.  1033 


CHa-CH-COOH 

NH*  Proteus 
vulgaris 


d , 1 -phenylalanine 


(Bacillug 
proteus 

vulgaris ) 


CH^-CH-COOH 
OH 


d-phenyllactic  acid 


Miyaji,  £.  Chem.  Soc.  Japan  4^.  391-450  (1925 ). 
C.A.  20,  28709  (1926). 

CHc-CH-COOH 

NH*  Bacterium 
xvlinoides 


Rx.  1034 


CHr-CH-COOH 
OH 


d , 1-phenylalanine 


1-phenyllactic  acid 


Uemura,  £.  Agr.  Chem.  Soc.  Japan  20.  295-303  (1944). 
C.A.  42,  3459i  (1948). 

rx.  1035       CHrCH-COOH  CKrCH-COOH 

NH&        Saccharomyces  A  OH 

logos :  1 


phenylalanine 


Schizosaccharomvces 
pombe ; 
Pichia 
farinosa 


3 -phenyl lac tic  acid 


-  351  - 


Hirai,  Acta  Schol.  Med.  Univ.  Kioto  %  49-53  (1919). 
£.A.  lit,  16949  (1920). 
Rx.  1036 


N — C-CHa-CH-COOH 
CH  pH  NM*  

H 


Proteus 
vulgarig 


N — C-CHz-CH-COOH 
CH  CH  UH 


l-histidine  hydrochloride 


d-P-imidazolyllactic  acid  (ll#) 


Miyaji,  1.  Chem.  So^..  Japan  k°>.  391-450  (1925). 

C.A.  20,  28T09  (1926). 
Rx.  1037 


N —  C-  CHrCH  -  COOH 


1  11 
CH  /CH 

XN 
H 


N — C-CHrCH-COOH 


NH; 


Ba,c  %&r±m 

xylinoideg 


II 

CH  pH 


OH 


l-histidine 


1-P-imidazolyllactic  acid 


Ames  and  Mitchell,  J.  Biol.  Chem.  212.  687-96  (1955). 
C.A.  i£9_,  7057h  (1955). 
Rx.  IO38 


N— C-CHrCH-OOOH  N— C— (^H-CH-CH* 

Chi  ^H  ,     CH         OH  OH  ? 

N  Neurpspora,  N  HO-fj^O 

H  mutants  H  OH 

(histidine-requiring) 


histidine 


D-erythro-imidazole- 
glycerol  phosphate 


-  352  - 


Ehrlich,  Ber.  kOB.  1027-47  (1907). 
£.A.  1,  I5396  (1907). 
Rx.  1039 

CH2-CH-COOH 


See  gex.  4JfcB,  139-46  (1911 ). 


OH 


tyrosine 


yeast 


CHt-CH* 
OH 


OH 


3- (^-hydroxy phenyl ) -ethanol 
(tyrosol) 


Hirai,  Acta  Schol.  Med.  Univ.  Kioto  g_,  425-32  (1918) 
C.A.  li,  16951  (1920). 
Rx.  1040  _  _ 

CHrCH-COOH 

NH*  aerogenes 

(Bacillus 


OH^~CH2- 

OH 


lactis 
aerogenes ) 


OH 


OH 


1 -tyrosine 


tyrosol 


Grimmer  and  Wauschkuhn,  Milchv.  Forsch.  20,  110-30  (1939) 
C.A.  2it,  2klk^  (1940). 
Rx.  1041 

CHrCH-COOH 


Geotrichum 
NH*  candidum 

(Oidium 


f 

OH 


lactis ) 
Aerobacter  aerogenes 
(Bacillus  lactis 
aerogenes ) 


CH^  CHa, 

OH 


f 

OH 


tyrosine 


tyrosol 


-  553  - 


Uemura,  £.  Agr_.  Chem.  Japan  20.  295-303  (1944). 

C.A.  42j  34591  (1948). 
Rx.  1042 

CHz-CH-COOH  CHrCH* 

NHa  beer  yeast  Frohberg;      /\\  OH 


f 

OH 


sake  yeast 


t 

OH 


L- tyrosine 


tyrosol 


Ehrlich  and  Jacobsen,  ger..  44B  .  888-97  (1911). 
C.A.  %  22542  (1911). 
Rx.  1043 

CHzrCH-COOH 

rAv    NHz  footrichuffl  candidum 


(Qidlum  lactis) 


f 

OH 


CHrCH-COOH 

sv  6h 


f 

OH 


1 -tyrosine 


d-p-hydroxyphenyllactic  acid 
(900 


Tsudji,  A2ta.Scii2i.  £2gd_.  Univ.  Kioto  2.  115-23  (1918). 
C.A.  12,  18894  (1918). 
Rx.  1044 

CHz-CH-COOH 


f 
OH 


NH; 


subtilis 


CHe-CH-COOH 


A  OH 


f 
OH 


tyrosine 


l-£-hydroxyphenyllactic  acid 


-  35^  - 


Tsudji,  Acta  Schol.  Med.  Univ.  Kioto  2,  115-23  (1918) 
C.A.  12,  1889^  (1918). 
Rx.  10^5 


CHa-CH-COOH 
f\IHz 


OH 


tyrosine 


Proteus 
vulgaris 


Chk-CH-COOH 
OH 


OH 


d-£-hydroxyphenyllactic  acid 
(approx.  1+0$  of  tyrosine  used) 


Miyaji,  £.  Chem.  Soc.  Japan  4*5.  391-1+50  (1925). 
C.A.  20,  28T09  (1926). 
Rx.  1014-6 

CHa-CH-  COOH 


NH; 


Acetobacter 
rancens 

(Bact .  rancens ) . 
Bacterium 
xvlinoides 


OH 


l-tyrosine 


CHz.-CH-COOH 
OH 


OH 

l-p_-hydroxyphenyllactic  acid 


Ehrlich  and  Jacobsen,  Ber.  1+1+B.  888-97  (1911). 
C.A.  %  225k2  (1911). 
Rx.  101+7 


■CHa-CH-COOH 


N 
H 


Geotrichum 
candidum 
(Oidium 
lactis) 


■CHz-CH-COOH 
OH 


H 


1 -tryptophane 


1-0- (3-indolyl) -lactic  acid 


-  355  - 


Ehrlich,  Ber.  4*5B.  883-9  (1912). 

£.A«  6,  (1912). 
Rx.  1048 


CKt-CH-COOH 

f\J}-|a       press  yeast 


H 


— CH^— QH2, 

OH 


H 


tryptophane 


tryptophol  (80$) 


Sasaki  and  Otsuka,  Biocheflu  Z.  121.  I67-7O  (1921), 
6 


C.A.  1£,  3654"  (1921). 
Rx.  1049 


-CHr£H-COOH 

NH2.    Ecgteas  sp. 


H 


-CHrCH-COOH 
OH 


H 


1-tryptophane 


d-0-(3-indolyl)- 
lactic  acid 


Sasaki  and  Kinose,  Biocheff.  £.  121.  171-4  (1921). 

£•4°  2&,  12611  (1922). 
Rx.  1050 

:h>-ch-cooh 


NH 


Proteus  sp. 


HrCH-COOH 
OH 


3 - (a-naphthyl ) -alanine 


3 -(a-naphthyl )- 
lactic  acid 


-  356  - 


IV.  Deamination 


Jr.  -CH  -  -CHz- 


Brasch,  Biochem.  Z.  22,  403-8  (1909). 


C-A.  l£,  k75k  (1910). 
Rx.  1051 

CH3-CH-COOH 


Clos  tridium 
lentoputrescens 
(Bacillus 
putrif icus ) 


CHa-CHi-COOH 


alanine 


propionic  acid 


Brasch,  Biochem.  Z.  22,  403-8  (1909). 
C-A.  it,  (1910). 
Rx.  IO52 


ChUrCH-COOH 
OH  NH* 


putrefactive 
bacteria 


CHi-CK-COOH 


serine 


propionic  acid 


Brasch,  Biochem.  Z.  22,  403-8  (1909). 

C.A.  jt,  475^  (1910).  Clostridium 
Rx.  IO53  lentoputrescens 

(Bacillus 
putrif icus ) 


CH3-CHa-CH-COOH 


CHs-O-U-CHrCOOH 


a  (? )-aminobutyric  acid 


butyric  acid 


-  357  - 


Harden,       Chem.  Soc.  12,  610-28  (l90l). 


Rx.  1054 


COOH 

HC-NH* 
COOH 

aspartic  acid 


Escherichia  coli 
(Bacillus  coli 
communis ) 


COOH 
CHz 
CH* 
COOH 

succinic  acid 


Ehriich,  z.  saiillMaiad.-  2G,  327  (1907). 

Brit.  C.A.  2it  Cii],  (1908). 
Rx.  IO55 

UJUM 

yeast 


OOOH 
HC-NH* 

COOH 

aspartic  acid 


Brasch,  Bio chem.  Z.  g£,  403-8  (1909). 

C.A.  1^  475^  (1910). 

Rx.  IO56  , 
QOOH 

HC-NH* 
QHz. 
COOH 

aspartic  acid 


putrefactive 
bacteria 


Cook  and  Vfoolf,  fiiosfcejii.  £.  2£,  l*7U-8l  (1928). 
£.4.  2a,  29605  (1928). 


Rx.  IO57 


COOH 
HC-NH* 
CHz, 
COOH 

aspartic  acid 


COOH 
CH* 
CH2, 
COOH 

succinic  acid 


gooH 

CH* 
CH* 
COOH 

succinic  acid 
(approx.  456) 


Basiling  gufrWig; 

B.  megaterium: 
EfrgQbagterfcffl  nhlei: 


Cl.  tertium:  other  bacilli 


COOH 
Chk 
CH* 
COOH 

succinic  acid 


-  358  - 


Neuberg  and  Karczag,  Biochem.  Z.  18,  435-9  (1909). 
C.A.  i,  2hjk2  (1909). 

Rx.  IO58  „  +J 

putrefactive 

bacteria 

CH3-CH-CH-COOH   CHa-QH-CHarCOOH 

CHa  NHz  CH3 

d,l-valine  Y-methyl-ji-butyric  acid 

(isovaleric  acid) 

Ackermann,  Z.  phvsiol.  Chem.  £0,  482-501  (1909). 

C.A.  4,  (1910).  putrefactive 

Rx.  1059  bacteria 

CHr(CH*VCH-COOH   ChL-(CH*VCOOH 

rs(H         ^JHz  rsJH^ 

C=NH 
NhU 

arginine  £-amino-n.-valeric  acid 


Neuberg,  Bio£ii§av  Z.  21,  501-6  (1911). 

C.A.  £,  5005  (1912). 

Rx.  1060  .     .  ,, 

putrefactive 

R-CH-CH-COOH   R-CH-CHl-COOH 

CH3  f\IHa.  R  =  CHr-CHa-  CH3 

isoleucine  p-methyl-fl- 

valeric  acid 

Kiyokava,  Z.  phvsiol.  Chem.  21k,  38-41  (1933). 

C.A.  21,  1016    (1933).  Geotrichum  candidum 

Rx.  1061  (Oidium  lactis) 

N— C-CH^-CH-COOH   N— C-(CH*)rCOOH 

CH  CH       NH*  CH  CH 

H  H 

l-histidine  £-imidazolylpropionic  acid 


-  359  - 


Uemura,  J_.  Agr.  Chem.  Soc.  Japan  20,  295-303  (19^4). 
C.A.  l£,  3459i  (1948). 
Rx.  1062 

CKrCH-COOH  CHrCH*-COOH 

KjH*  Saccharppiyces 


logos ; 


Schizosaccharomvces 

P9ffib<?; 
Ei£ki&  farinosa 


L-phenylalanine 


P-phenylpropionic  acid 


Baumann,  Be£.  12Bf  11+50-1+  (1879). 


Rx.  IO63 


CHrCH-COOH 

NHa  putrefying 
r  bacteria 


OH 


CH*-CH*-COOH 


OH 


tyrosine 


0  -  (p_-hydroxypheny  1 )  ■ 
propionic  acid 


Brasch,  Biochem.  Z.  22,  1+03-8  (1909). 
C.A.  It,  1+75^  (1910). 
Rx.  1061+ 

CHrCH-COOH 

rslHj,  Clostridium 


OH 


lentoputrescens 

(Bacillus" 
putrificus) 


CH^HrCOOH 


OH 


tyrosine 


3 - (p_-hydroxyphenyl ) - 
propionic  acid 


-  560  - 


Miyaji,  £.  Chem.  Soc_.  Japan  Uq.  391-^50  (1925), 
C.A.  20,  28 709  (1926). 
Rx.  IO65 

CH^-CH-COOH 

s>.     NHe       Acetobacter  rancens 
(Bact.  rancens); 

Bacterium  xylinoides ; 
Acetobacter 
schutzenbachii 
OH  (§..  schilitzenbachii ) 

1 -tyrosine 


^H^rCHirCOOH 


f 

OH 

1  -0  -  (p_-nydroxyphenyl )  ■ 
propionic  acid 


Grimmer  and  Wauschkuhn,  Milchw.  Forsch.  20,  110-30  (1939) 


C.A.  2Jt,  241^5  (1940). 
Rx.  1066 

CH2-CH-COOH 

NHz  Clostridium 
lentonutrescens 


f 

OH 

tyrosine 


CH*-CHrCOOH 


fBacillus 

putrifigus); 

Lactobacillus  casei 
(Streptobacterium  casei)  OH 


0 - (£-hydr oxyphenyl )  ■ 
propionic  acid 


Nencki,  Sitzungsber.  K.  Akad.  Wiss.  (Vienna)  Math.  Naturw.  Kl. .  Abt.  lib. 

n  _    "   _  /  _    ,  98,  397-^16  (1889).    See  Nencki, 

See  Brit.  C.A.  58  [i],  78  (l890).  gnatsh.  10,  506-25  (1889). 


Rx.  IO67 


■CHt-CH-COOH 


NH 


H 

tryptophane 


CHrCHtf-COOH 


Bacillus 
liouefaciens  >\  y 

ma  gnus .  (probably  f\| 
Clostridium  H 
bifermentans) 
Bacillus  spinosus 

S-(3-indolyl)- 
propionic  acid 


-  561  - 


Hopkins  and  Cole,  £.  Physiol.  22,  (1903). 
Brit.  C.A.  git  [i],  590  (1903). 

Rx.  1068 


-CI-k-CH-COOH 


W 

H  tryptophane 


anaerobic 
bacteria 


-Chk-CHrCOOH 


H  p-(3-indolyl)- 
propionic  acid 


IV o  Deamination 


C.  -CH- 


-c- 

ii 

O 


Aubel  and  Egami,    Comnt .  rend.  bioj..  119.  12^3  (1935). 

C.A.  g2,  80438  (1935). 

Rx.  1069  soil  bacteria 

plus  potassium  nitrate 

CH3-CH-COOH    »  CH3-C-COOH 

r\iH*  6 

alanine  pyruvic  acid 


Desnuelle  and  Grand,  Compt.  rend,  soc.  biol.  138.  610-11  (19M0. 

C.A.  32,  ^9099  (19^5). 

Rx.  1070  *    .     .  ,  .        ,  . 

1  Escherichia  coll 

(B.  soli) 

CH3-CH-COOH   CH3-C-COOH 

rsH*  6 

alanine  pyruvic  acid 


-  362  - 


Desnuelle  and  Grand,  Compt .  rend,  soc.  biol.  158.  610-11  (1944). 
G„ A.  22,  49099  (191+5). 

-Escherichia  coll 
(B.  coli) 

C^-CH-COOH   CHa-OCOOH 

OH  NH2,  6 


serine  pyruvic  acid 

Desnuelle  and  Grand,  Compt .  rend,  soc.  biol.  158.  610-11  (1944). 
C.A.  22,  49099  (1945). 

Rx-  10T2  w   .     .  .  . 

Escherichia  coli 

(B.  coli) 

CH^-CH-COOH   -  CH3-C-COOH 

cysteine  pyruvic  acid 


Uemura,  J_.  Agv.  Chem.  Soc.  Japan  15.  353-8  (1939). 
C.A.  22,  86 719  (1939). 
Rx.  1073 

Aspergillus 
ory?ae 

hooc-(ch4-ch-cooh   hooc-(ch4-c-cooh 

Kjh*  o 

glutamic  acid  a-ketoglutaric  acid 


Uemura,  J.  Agr.  Chem.  Soc .  Japan  l1?.  353-8  (1939). 
c.A.  21,  86719  (1939). 

Rx°  10lh  Aspergillus 

orvzae 

R-CHgrCH-COOH   -  R-CHzrC-COOH 

Kjh*         r=ch3-ch-  O 

CH3 

leucine  a-keto-' -methyl -a- 

valeric  acid 


-  363  - 


Uemura,  J,  Agr.  Cham.  Soc.  Japan  20  ,  295-303  (19W-). 
C.A.  j£,  3^59i  (1948). 

Several  genera  of  yeasts, 
Rx .  1075  as  Saccharomyces .  Torula. 

Hansenula  (Willia).  Debaromyces  and  others 

R-ChVCH-COOH   —  R-CHa-C-COOH 

I<JH*  R-CHrCH-  6 


CH 


L-leucine 


a -ke to -Y-me thy l-a- 
valeric  acid 


Ames  and  Mitchell,  £.  Biol.  Chem.  212.  687-96  (1955)° 
£.4.        7057h  (1955). 

Rx  N—  C- CH*-CH-COOH  N  —  C-CHf-C-CH*, 

f<J|-ja      Neurospora  mutants  q  q 


CH  CH 

XN 
H 


CH  7CH 

(his  tidine -requiring)  f\j 


histidine 


HO-P=0 
H  OH 

imidazoleacetol  phosphate 


Neubauer  and  Fromherz,  Z.  physiol.  Chem.  70.  326-50  (1911 ). 
£.A.  %  17896  (1911). 


H*N-CH-COOH 

Rx.  1077  ^ 


phenylaminoacetic  acid 
(phenylglyc  ine ) 


yeast 


OC-COOH 


phenylglyoxylic  acid 


Chikano  and  Kitano,  Z.  phvsiol.  Chem.  164.  217-25  (1927). 
C.A.  2i,  16621  (I927). 

HzN-CH-COOH  OC-COOH 

p      -1  f\rjQ  1  Geotrichunt  capdidujq  1 

Rx.  1078  (Qidium  lactis)  f/S^) 


d , 1 -phenylglyc  ine 


phenylglyoxylic  acid 


-  364  - 


Uemura,  J_.  Agr.  Chem.  Soc.  Japan  H,  1146-52  (1937). 
C.A.  22,  17398  (1938). 
Rx.  1079 


CHrCH-COOH 


NK 


Aspergillus 

aazas 


chc-c-cooh 

o 


1 -phenyl alanine 


phenylpyruvic  acid 


Uemura,  J_.  Agr.  Chem.  Soc.  Japan  20.  231-4  (1944). 
C.A.  l£,  3459g  (1948). 
Rx.  1080 


CHarCH-COOH 


Nl~"fc        yeasts  and  molds 
of  the  genera 


CHrC-ODOH 

As  O 


Mucpr,  Rhizopus . 
Geotrichum. 
Penicillium.  Aspergillus 
and  Absidia 


L-pheny 1 a 1 an  ine 


phenylpyruvic  acid 


Uemura,  Agr.  Chem.  Soc.  Japan  20.  295-303  (1944). 
C.A.  4£,  3459i  (1948). 

Rx.  1081 


CHe-CH-COOH 

(\JHa  Saccharomyces 


logos; 


CHrQ-COOH 

o 


Schizoga^charomyces 
popbe; 
Pichia  fgrinpsa 


L -phenyl alanine 


phenylpyruvic  acid 


-  365  - 


Uemura,  £.  Agr..  Cfteffl.  Sqs..  Japan  ]£,  353-8  (1939) 
£.A.  21,  86719  (1939). 
Rx.  1082 

CHz-CH-COOH 

/xV     NHa  Aspergillus 


f 

OH 


orvzae 


Hr£-COOH 


tyrosine 


p_-hydroxyphenylpyruvic 
acid 


Uemura,  £.  Agr.  Chem.  Soc.  Japan  20.  295-303  (1944). 
£.A.  l£,  3459i  (1948). 

Rx.  1083 

C  KrCH  -COOH  C  H*rC-  COOH 

iNlHa    beer  y03^  Frohberg;  /k  o 

r     nm  sake  veast  r  Xs) 


OH 


OH 


L-tyrosine 


£ -hyd  r oxy pheny lpyr uv  i  c 
acid 


-  366  - 


IV.  Deamination 


d.  -CH   -C-OH  (-COOH) 


Ehrlich,  Z.  Sniritusind.  2Q,  327  (1907). 
Brit.  C.A.  9Jt  fil],  (1908). 
Rx.  1084 

yeast 

HOOC-(CHa)rCH-COOH   HOCC-(CH^:<X>Oh 

glutamic  acid  succinic  acid 

Miyaji,  £.  Chem.  Sc^..  Japan  4*5.  391-450  (1925). 

C.A.  20,  28709  (1926).  Acgto-b^cter  a^eti 

—  CBact.  acetik 

Rx.  IO85  4-  schutzenbachii 

(g..  schfltzenbachii) 

HOOC-(CH^rCH-COOH   HOOC-(CH^COOH 

d-glutamic  acid  succinic  acid 


Bopp,  Aqq..  6_9_,  16-37  (1849).     (see  p.  35). 

Rx.  1086  „  AJ 

putrefactive 

bacteria 

CHs-CH-CHrCH-COOH   CHrCH-CH*rCOOH 

ChU        ^Hi  CH3 

leucine  B-methyl-a-butyric  acid 


-  567  - 


Neuber-g,  Biochem.  £.  21,  5OI-6  (1911). 
C0A.  6,  5005  (1912). 

Rxo  IO87 


putrefactive 
bacteria 


CHr-CHz-CH-CH-COOH 


•  1 


CHrCH^CH-COOH 
CH3 


isoleucine 


a-methyl-a-butyric  acid 
(approx.  25^) 


Hirai,  mosbSBL'       U2b  71-80  (1921). 
C.A.  15,  19161  (1921). 
Rx.  1088 

CHzrCH-COOH 

KjHz  Proteus 

r    \>  vulgaris 


OH 


CHe-COOH 


tyrosine 


£-hydroxyphenylacetic  acid 


Grimmer  and  Wauschkuhn,  Milchv.  Forsch.  £0_,  110-30  (1959). 
C.A.  3jt,  2i+l^5  (1940). 
Rx.  1089 

CHrC^H-COOH  CHrCOOH 

NHst  Escherichia  colj, 

(B.  S2ii); 


OH 


Aerobacter 
aerogenes 
(Bact .  lactis- 
aerogenes ) 


f 

OH 


tyrosine 


£-hydroxyphenylacetic  acid 


-  568  - 


IV.  Deamination 


-9H- 

Nhk 


9H, 
OH 


Ehrlich  and  Pistschimuka,  gg£.  V5B.  1006-12  (1912) 
C.A.       2kk69  (1912). 


Rx.  1090 


CHbrC^H  —CH^rCH*, 
CH3  NHz, 


5 -me  thy 1 -n,-buty  lamine 
(isoamylamine ) 


BaBggaula  ansmala 


CH3-CH-CH*-CH* 
CH3  OH 

5 -me  thy 1 -1 -but anol 
(iaoamyl  alcohol) 


Ehrlich,  Ber,.  hOB.  1027-47  (1907) 
C.A.  1,  I5396  (1907)= 
Rx.  1091 

CHa-CH-CHrCH-COOH  - 
CH3  KjH, 

d,l -leucine 


top 
yeast 


CH3-CH  ~~CH2.~CH2. 
CHa  OH 

3 -me  thyl -1-but  anol 


Ehrlich,  Ber_.  1027-1+7  (1907), 

C.A.  1,  15396  (1907). 


Rx.  1092 


CH3-CH-CH-CH-COOH 

CH3  NHa 


top 
yeast 


CHi-CH^rCH  "~CHa 
CH3  oh 


isoleucine 


2 -me  thyl -1 -but anol 


-  369  - 


Horsters,  Cheqi.  Ztg.  22,  7^  (1913). 
C.A.  8,  72 71  (1914 ). 


Rx.  1093 

H*N-CH-COOH 


(Qj-diuffl  ia,ctig) 


OHaOH 


pheny lglyc ine 


benzyl  alcohol  (7.8%) 


Ehrlich  and  Pistschimuka,  Ber.  k^B,  1006-12  (1912). 
S..A.  £,  2hk69  (1912). 
Rx.  1094 

CH^Hr  NH*. 
As  HCi 


f 

OH 

P- (^-hydroxyphenyl ) -ethylamine 
hydrochloride 
(tyramine  hydrochloride) 


Ha.njgen.ula, 
anomala  (82^) 
(Willia 


Geptrjchum 
candidum  (8356) 
(Qidiw  lactis) 


CHz-CHaOH 


f 
OH 

P- (p_-hydroxyphenyl ) -ethanol 
(tyrosol) 


-  370  - 


IV  o  Deamination 


f 


-O-UrCH- 

NHa 


-CH=CH- 


Leopold,  Landv.  Jahrb.  £5,  53I+-65  (1958). 
£.A.  22.,  4612  7  (1958). 
Rx.  1095 


gOOH 
HC-NHa, 
CH* 
COOH 

aspartic  acid 


bottom 
yeast 


COOH 
HC 

it 

CH 

COOH 

fumaric  acid 


Bracken,  "The  Chemistry  of  Microorganisms . "    Sir  Isaac  Pitman  and  Sons,  Ltd. 

London,  1955'  P« 


Rx.  1096 


COOH 

HC-NH* 
CHz 
COOH 

aspartic  acid 


(Eberthella  frfphQsa) 

Salmonella  fcrefrosa 


COOH 
HC 
CH 

COOH 

fumaric  acid 


Raistrick,  Biochem.  £,  li,  71-7  (1917). 

C.A.  1JL,  32959  (1917). 
Rx.  1097 

N — C-CHrCH-COOH 

l^lHi    Eg?h9righ4a  gall 


N — C-CH=CH-COOH 
11  n 


'N 
H 

histidine 


(£..  aali  communis): 
Salmonella  tvnhosa 
(B_.  typhosus )  other 
Salmonella  sp. 


CH  f)r\ 


N 
H 


urocanic  acid 


-  371  - 


Hirai,  Biochem.  £.  Uk,  71-80  (1921) 
£.A.  15.,  19161  (1921). 

Rx.  1098 

CH^rCH-COOH 


OH 


Prpteus 
vulgaris 


CH=CH-COOH 


OH 


tyrosine 


P- (]D -hydroxy phenyl ) -acrylic  acid 


IV .  Deamination 


T 


Miscellaneous  types 


Miyaji,  I.  QbfiBL.  §22..  JflBSB.  jfi,  391-450  (1925). 

£•4.  20,  28709  (1926). 
Rx    1099  Acetopa.cter 

schfltzenbachii 
(B.  sch^jtaenbachii); 
Bacterium  xyjlin.oides 

CHrCOOH   -  CHrCOOH 


glycine 
(glycocoll) 


acetic  acid 


-  372  - 


Egami,  Bull,  soc.  chim.  biol.  2P_,  301-4  (1938). 
C.A.  22,  54301  (1938). 
Rx.  1100 


CHrCOOH 


soil  bacteria 


HC-COOH 
O 


glycine 
(glycocoll) 


glyoxylic  acid 


Hahn  and  Lintzel,  Z.  Biol.  22j  179-90  (1923), 
C..A.  18,  13139  (1924). 


Rx.  1101 


N=ONHi 


HO-C  CH 


yeast 


HOC 


N— 


C-OH 
CH 


cytosine 


uracil 


Linneweh,  £.  Biol.  2Q,  109-12  (1930). 
C.A.  2Jt,  40611  (1930). 
Rx.  1102 


HN— C^O 


HN=C 

"  4 


putrefactive 
bacteria 


CH; 


CH 


HN— C=0 

o=c  - 
r>i — ch* 

CHs 


creatinine 


methyl  hydantoin 
(approx.  20%) 


-  373  - 


Ehrlich  and  Lange,  Z.  V§£.  Zuckerind.  Q±,  I58-7I  (1914). 
Co A.  8,  27375  (1914). 

PansenvAa  gaoaala 
Rxo  1103  (vftHJta  aaaaate); 

Pffljciy.ium  s^ucum; 

CH3  4gBSEgi2Iag 

I  ffi  ©  niger 

CMa-r^l-CHi-COO  ,  CH*-COOH 

CHs  OH 


betaine 


glycolic  acid 


Ehrlich,  Biochem.  Z.  35,  417-31  (1916). 
8 


C.A.  11,  261  (1917). 
Rx.  1104 


CHrCHz-^-CH3 

CHa 


f 

OH 


Hansenula  an<?mala 

(WiUia  anomala); 
GgptrichUffl 
candidum 
(Oidium  lactis) 


CHzrCH^OH 


( 

OH 


hordenine 


tyrosol 


-  37^  - 


V.  Glycosylation 


Miscellaneous  types 


R  (OH), 


OH  OH 


R^I)H\—  carbohydrate  group 


OH  OH 
+  R(OH), 


Brown,  £.  Chem.  Sp^..         ^32 -9  (1886). 


Rx.  1105 


HO-CH 
HC-OH 

HO-CH  O 
HC-OH 
HC  


CHaOH 


Acetobacter 

(BftcterlujB 

xvlinum) 


-O-QH 

HC-OH 
HO-CH  O 

HQ- 
HQ— 

CH*OH 


J  X 


D-glucose 


cellulose 


Dox  and  Neidig,  £.  Biol.  Chem.  18,  167-75  (191*0. 
C.A.  8,  33102  (1914). 


Rx.  1106 


HQ- OH 
HC-OH 
HO-CH  O 
HC-OH 
H9  

CHiOH 


Penicillium 

gamansMi 


MYCODEXTRAN 


glucose 


-  375  - 


Dox,  J.  Biol.  Chemo  20,  83-5  (1915)=     See  ibido  1_,  235-7  (1914). 
C.A.  % 
Rx.  1107 


C.A.  2,  dlkh  (1914). 


Aspergillus 

GLUCOSE  ______  MYCODEXTRAN 


Rais trick  and  Rintoul,  Trans.  Roy.  Soc.  (London)  B220.  225-67  (1931) 
C.A.  2_ 
Rx.  1108 


C.A.  g£,  24862  (1932) 


Penicillium 
luteum 

D-GLUCOSE   LUTEIC  ACID 

(a  malonyl- 
polyglucose) 


Birkinshaw  and  Rais trick,  Trans.  Rov.  Soc.  (London)  B220.  331-53  (1931 ) 
C.A.  2d,  2W72  (1932). 
Rx.  1109 

Fufflflgo 

vegans 


GLUCOSE 


See  Birkinshaw  <_t  ajL. ,  ibid. , 
B220.  355-67  (1931)  for  use 
of  Penicillium  dipitatum 


a  polysaccharide 
containing  glucose 
units  only 


Murphy  et  __,.,  Can.  J.  Biochem.  and  Physiol.  __.,  1271-3  (1956). 
C.A.  51,  5205c  (1957). 
Rx.  1110 

Bacillus  Bojaaaaa 

GLUCOSE  ^  a  MANNAN  (l#) 

See  Gorin  and  Perlin,  Can.  J. 
Chem.  __,  1796  (1956)  for  use  of 
Saccharomvces  rouxii 


-  376  - 


Hida,  £.  Shanghai  Sci.  Inst.  1,  85-II6  (1934) 
C.A.  2Q,  38559  (1936). 

te'  1111  Aspergillus 


niger : 

Aspergillus  sp. 
D-GLUCOSE   STARCH 


Clutterbuck  et  al. .  Biochem.       28,  94-110  (1934).    See  Haworth  et  al. , 

n    ,      1  .      ,  .                             ibid.  29,  612-21;  2668-78  (1935). 
C.A.  28,  41001  (193^).   

Rx.  1112 

Penici Ilium 

D-GLUCOSE  QharLefgiLi  A  pQLYGALAC TOSE 

(levorotatory) 


Albericci  et       •  Biochem.  £.  21,  243-6  (1943) 
C.A.  2L  629^  (1943). 
Rx.  1113 


Penicillium 

(a  polyglucose) 


sclerotiorum 

D-GLUCOSE  9  SCLER0TI0SE 


Freeman  and  Macpherson,  Biochem-  £.  4ji,  179-89  (1949). 
C.A.  44,  2074e  (1950). 
Rx.  1114 

Penicillium 
lute urn 

FRUCTOSE  „  A  POLY GLUC IDE 

(primarily  D-glucose 
units) 


-  377  - 


Freeman  and  Macpherson,  Biochem.  179-89  (1949) . 


£.A.  Ifcit,  2074e  (1950), 
Rx.  1115 

D-MANNOSE 


Penicillium 
ItfteTjffi 


A  POLYGLUCIDE 
(primarily  D-glucose 
units) 


Freeman  and  Macpherson,  Biochem.  179-89  (19^9). 

£.A.         20-Jke  (1950). 
Rx.  1116 

 .  ^  A  POLYGLUCIDE 

(primarily  polygalactose) 


D -GALACTOSE 


Freeman  and  Macpherson,  Biochem.  £.         179-89  (1949). 
£-A.  iii,  207^e  (1950). 

RX.      1117  T,         .      jt  t  . 

Penicillium 
luteujq 

D-GLUCOSE  ^  A  POLYGLUCIDE 

(primarily  D-glucose 
units ) 


Godiri,  Biochiffl.  et  Biophvs.  Ac__  12.,  528-32  (1953). 
a. A.  ka,  4050e  (1954). 

Rx.  1118  penicillin 

brevi- 

flTm(V1,  cQmp^ctytm, 

GLUCOSE   ^_  "COMPACTOSE" 

(a  polysaccharide 
containing  only 
glucose) 


-  378  - 


Wright  and  Walker,  Chemistry  &  Industry.  IB  (1^5). 
£.A.         6l66e  (1955). 
Rxo  1119 


GLUCOSE 


acetigenum 


-O-CH 
H<£-OH 

HO-CH  O 

HC  f- 

HC  1 

6h*oh 


celluloso 


Wright  and  Walker,  Chemistry  £  Industry.  18  (1955) 
^1,  6566e  (1955). 
Rx.  1120 


GLUCOSE 


Acetobacter 

asgfcigaaun 


HC-O- 
HC-OH 

HO-CH 

HO-CH 
HCp-O^ 

CHeOH 


HQ-OH 
HC-OH 

HO-CH  O 
HC-OH 
HC  1 

 CH* 


melibiose 


Shibasaki,  Tohofru  1-  AfiX-  Research  &,  171-7  (1955)- 
C..A.  5Q_,  17494c  (1956). 
Rx.  1121 


GLUCOSE 


BaaghajaBBSgflfl 

pombe 


H( 


1? 


HC-OH 
HO-CH 
HC-OH 
HC-O-1 
CH*OH 


hc^oh 


HC 


HO-6-1 
HC-OH 
HC-O^ 
CH*OH 


kojibiose 
(a  diglucose,  possibly  with  an 
o-l,2  -linkage) 


-  379  - 


Shibasaki,  Tohoku  J.  Agr.  Research  6.  171-7  (1955).    See  ibid.  %  131-42 


2..A.  17494c  (1956).  (See  C.A.  5Q,  11693d) 
Rx.  1122 

Schizo- 
saccharomvces 
pombe 

GLUCOSE 


(1954);  C.A.  50, 
5053a  (1956). 


SAKEBIOSE 
(presumably  3-0-a-D- 
glucopyr anosy 1 -D- 
glucopyranose ) 


Shibasaki,  Tohoku  J.  Agr.  Research  6,  171-7  (1955) 
C.A.  5Q*  17494c  (1956). 
Rx.  1123 

Schizo- 


See  ibid.  £,  47-56 
(1955). 


GLUCOSE 


sac  char omyces 
fiomM 


ISOMALTOSE 


Barker  et  aj.. ,  £.  Chem.  Soc.  2096-9  (1955). 

C.A.  42,  I4095e  (1955). 

Rx.  1124  t  . 

Leuconostoc 

mesenteroides 

arabinosaceous ) 
GLUCOSE   ^  A  DEXTRAN 

(a-1 , 6 -linkages ) 


-  380  - 


Minor  et  al . ,  J»  Am,  Chem.  Soc.  "]6,  5052-1+-  (195^). 
C.A.  It2,  l873g  (1955)- 
Rx.  1125 


CHaOH 
HOCH 
HO-CH 
H(J:-OH 
HC-OH 
CHbOH 


D-mannitol-l-C 


Ik 


Acetobacter 


cellulose  (C11+ -labelled  at 
ci>  c6*.  c2,  and  C5). 


Giri  e_t  al . ,  iyrcfl.  Biochem,.  Bionnvs.  51,  62-7  (195^). 

C.A.  i±8,  10826a  (1954). 
Rx.  1126 


HC-OH 
HO-CH 
H9-O- 
HC-O-1 
CHzOH 


H^— » 
HC^-OH 
HO-9H 
HC-OH 

CH2OH 


chrvsogenum 


H^-O- 
CHaOH 


H9-OH 

HC-OH 
HO-(^H 
H9-OH 
HC^-O-1 

 CH* 


maltose 


isomaltose 


Crowley  and  Jevons,  £.  QgH.  Microbiol.  ~y*>.  226-3U  (1955). 
C.A.  5Q,  J+298c  (1956). 


Rx.  112 


HC-OH 

hcJi-oh 
HO-pn 

HC-O- 
H^-O-1 
CHaOH 


 F=>— 

HC-* 

HC-OH 
HO-£h 

h6-oh 

HC-O-1 

£h*oh 


Streptococcus 
pyogenes 


a  starch-like 
substance 


maltose 


-  381  - 


Zilliken  etal.,  1-  Biol.  Cham.  2JJ,  79-82  (1955) 


CoA„  5Q,  3558 i  (1956) 
Rxo  1128 


HC-OH 
HC-OH 
HO-CH 
HC  


-0-$H 

H9-OH 
HO-CH 
HOCH 


HC-O-1 
CH&OH 


Eactobacillus 
bif idus  var 


pennsylvanicus  HC-OH 
plus  N-acetyl-        HC— NH 

HO-CH  Ac 


D-glucosamine 


1    ^         Ac=  acetyl 

CH*OH 


lactose 


Bailey  et  al . ,  Nature  176.  1164-5  (1955) 

C.A.  50,  6526b  (1956). 
Rx.  1129 

rO-<H 


HC-OH 
HC-OH 
HO-CH 
HC  ' 


HC-O-J 
CH2OH 


HC-OH 
HO-CH 
HO-CH 
HC-O-J 
CKOH 


Leuconostoc 
mesenteroides 
(Betacoccus 
arabinosaceous ) 


HC-O- 
dH^OH 


r-O-CH 

HC-OH 
HO-CH 
HO-CH 
HC-O-J 
CH*OH 


4-0-P-D-galactopyranosyl-N- 
acetyl -D-glucosamine  (5-^$) 


O-^-D-galactopyranosyl- 
(l — ►U)-0-[a-D-gluco- 
pyranosyl-(l — *2 )  ]  -D- 
glucopyranose 


lactose 


Barker  et  al . ,  Nature  178.  1221-2  (1956). 


C.A.  51, 
Rx.  1130 


18029a  (1957) 


HO-QH 

HQ-OH 
HO-CH 

HQ  

HC-O- 

CH2OH 


HC-OH 
HO-^H 

HC-OH 
HC-O^ 
£h*OH 


Leuconostoc 
mesenteroides 
(Betacoccus 
arabinosaceous ) 


O-p-D-glucopyranosyl  - 
(l — „10-0-[a-D-gluco- 
pyranosyl- (l — -2 ) ] - 
D-glucopyranose 


cellobiose 


-  582  - 


Dox  and  Ne-idig,  £.  Biol.  Chem.  12,  235-7  (19110- 
ft,  56681  (191U). 
Rx.  1131 

Aspergillus 

niger 

SUCROSE   MIOOGALACTAN 

(hydrolysis  gives 
galactose) 


Mclntire  gt  al«,  Biol.  Chem.  U3.  1+91-6  (19^2), 
C.A.  26,  1+5396  (1942). 


Rx.  1132 


SUCROSE 


Agrobacterium 
tumefaciens 
(Fhytomonas 
tumefaciens) 


polysaccharide  of  D- 
glucose  units  linked 
chiefly  as  ^-D-gluco- 
pyranose  rings 


Carruthers  and  Cooper-,  Biochem.  £.  2&  1001-9  (1936).  See  Cooper  and  Preston,  ibid 
C.A.  20,  6?828  (1936).  &>  226^  (19^)  • 

Rx.  1133 

Bacillus  lactis 
(possibly  B_.  cereus ) 
SUCROSE   A  FRUCTOSAN 


Delaporte  and  Belval,  Comot.  rend.  222.  1011-13  0-946). 

a.A.  jia,  50891  (19^6).       _  . 

Rx.  1134  betae-gelatae 

n.  sp. 
(AeromonasT) 

SUCROSE  FRUCTOSAN 


-  383  - 


Yuill,  Chemistry  &  Industry.  755-6  (1952). 
Co A,  hi,  3398e  (1953). 
Rx.  1135 

Aspergillus 

SUCROSE  MYCODEXTRAN 


Barker  .al  al. ,  J.  Chem.  Soc. .  3084-90  (1953) 

C.A.        28l5g  (1954). 
Rx.  1136 


SUCROSE 


Aspergillus 
niger 


NIGERAN 
(an  essentially  un- 
branched  polyglucosan) 


Smith,  Proc.  Linnean  Soc.  N.  S.  Wales  26,  589-625  (1901).    See  Adv.  Carbo- 

See  fiaa.  I.  Research  i,  463  (1930)  for  ^  226  (l946)' 

other  refs.  to  Smith 

Rx.  II37 

Bacillus  levaniformans 
(probably  a  variety  of 
B_.  vulg£jtUs) 

SUCROSE   LEVAN 


-  384  - 


Smith,  £.  Soc.  Cham.  Ind.  gi,  972-5  (1904). 

Rx.  1138  n    .  . 

Bacterium 

aucaiaaii 

"Nomen  nudem" 

SUCROSE   LEV  AN 


Harrison  et  ai.. ,  Can..  £.  Research       449-63  (1930). 

C.A.  S5,  723u  (193D.       Baallliia  -M.ni,.- 

Rx.  1139  B.  mesentericus  Trevisan 

(same  as  B_.  subtilis 
Conn) 

SUCROSE  .  LEVAN  (54$) 


Niven  at  fll- ,  £.  Biol.  Chem.  140.  105-9  (l94l). 
C.A..         66178  (1941). 
Rx.  1140 

Streptococcus 

SUCROSE   A  LEVAN 


Hestrin  et  al . ,  Biochem.  £.  2J,  45O-6  (1943). 
C.A.  28,  9845  (1944). 

Rx.  1141  B^pu^  Wlwxa; 

Aerobacter  3^ZflDtofflJ 

b  .  sufeiilia 

SUCROSE  LEVAN 


-  385  - 


Erikson,  Ann.  Applied  Biol.  22,,  44-52  (1945).    See  Gilbert  and  Stacey, 

„  ,  ~Qi  .  rtl   ,  I.  Ghem.  Soc. .  I56O-I  (1948), 

£.A.  12,  5288x  (19^5).  „  ' 

Rxo  1142  ffig£§.-PTUflorW>; 

Eg.,  syrfagge 

SUCROSE    .  A  LEV  AN 


other 
Pseudomonas  sp. 


Murphy,  QsXL.  £.  Chem.  20,  872-8  (1952) 
£.A.  iX,  106l9g  (1953). 
Rx.  1143 


SUCROSE 


Bacillus 


A  LEVAN 


Feingold,  Bull,  ggfi..  Council  Israel  3A,  94  (1955)-    See  £.  PoLvmer  Sci.  22., 

r  a  4,- v.  783-90  (1957).  C.A.  51,  1797a. 
C,A.  reference  not  available   


Rx.  1144 


SUCROSE 


Aerobacter 


A  LEVAN 


Fuchs,  Nature  178.  921  (1956) . 

C.A.  51,  3742d  (1957). 

Rx.  1145  Pseudocftonqg  fluorescens 

(49#);  £s.  chlororanhis: 
£s_.  aureofaciens  (83$) 
SUCROSE    ,  A  LEVAN 


-  586  - 


Bauer,  Biedermanns  Zentr . ,  63O  (1882). 
Brit.  C.A.  Ifclfc.  [±],  105  (I883). 

Rx.  1146 

microorganisms 

SUCROSE   DEXTRAN 

(molasses) 


Boekhout,  Zent.  Bakt.  Paras it enk.  [ii]  £,  161-5  (1900). 

Brit.  C.A.  28  [ii],  742  (1900). 
Rx.  111*7  A  new  species  of 

Streptococcus, 
named  by  author 

SUCROSE   ^_  A  DEXTRAN 

S.  hornenais- 
(probably  of  the 
LpUgonostoc,  sp. ) 


Tarr  and  Hibbert,  Can.  £.  Research  5.  414-27  (1931).  (See  Barker  filial., 
C.A.  21,  6989  (1932).                                         2bStt-  2595"9  <19^- 

Rx.  1148 

LausfiDaafcag 

mesenterpides 

SUCROSE  r  a  dextran  of 

unknown  structure 


Carruthers  and  Cooper,  Biochem.  £.  JQ,  1001-9  (1936).  See  Peat  filai- , 
C.A.  2a,  6T828  (1936).  *  ^  Soc^,  581-5  (1939). 

Rx.  1149 

Leuconostoc 
dexfrrajricuffl 

SUCROSE   A  DEXTRAN  (25#) 


-  587  - 


Daker  and  Stacey,  Biochem.  £.  2g_,  19^6-8  (1938).  See  J.  Chem,  Soc, 
C.A.  22,  3^03  (1939).  585"7  (1959)-" 


Rx.  1150 


Lactobacillus 

brevis 
(Betabacterium 
vermif orme ) 

SUCROSE   —  A  DEXTRAN 


Niven  et  gl. ,  J.  Biol.  Chem.  UP.  IO5-9  (l94l) 

S.-A.  3^,  66178  (1941). 
Rx.  1151 


SUCROSE 


Streptococcus 
bovis 


h6 


HC-OH 
HO-CH  O 
HC-OH 
HC 


X 


a  dextran 


Barker  e_t  Chemistry  _&  Industry,  U5O-I  (1955). 

C.A.  SQ,  1^173i  (1956). 
Rx.  II52 


a  streptococcus 

SUCROSE   A  DEXTRAN 

(a-1, 6 -linkages ) 


-  388  - 


Hehre,  £.  Biol.  Chem.  22£,  739-50  (1956). 

C,.A.  a,  2121f  <1957). 
Rx.  II53 


a  n on -hemolytic 
streptococcus 

SUCROSE   ^  DEXTRAN  (41*) 

(low  mol .  wt . ) 


Stodola  ftl  fll.,  £.  Aju.  Chem.  Sac..  Hi,  3203-3  (1952). 

i&  26081  (1954). 
Rx.  115U 


SUCROSE 


Ifiasflnogtac 

mesenteroides 


QHaOH 

 C-OH" 

HO-CH 

HC-OH 
H6-0-I 

 CH2, 


CHaOH 


leucrose 
(3#  of  sucrose  utilized) 


Morooka,  Japan.       Mad.  Sci.  and  Biol.  2,  1-13  (1954). 
£..4.         1062 9e  (195^). 
Rx.  II55 


1 


Eafibfia^aSlfl 

var. 


SUCROSE 


A  TRISACCHARIDE 
(possibly  glucose - 
glucose-f rue tose ) 


-  389  - 


Bailey  et  al.,  Nature  175.  635  (1955)- 
S..A.  h%  13363b  (1955). 
Rx.  II56 

Leucpnostoc 
mesenteroides 

SUCROSE   _  ISOMALTOSE 

(+20#  glucose) 


Bailey  et  al.,  Nature  1Z5_,  635  (1955) • 
C.A.         13363b  (1955). 
Rx.  1157 


Leuconostoc 
megenteroides 


SUCROSE. 
(+  20#  glucose) 


ISOMALTOTRIOSE 


Russi  and  Ballio,  Boll,  soc.  ital.  biol.  sper.  21,  1362-3  (1955)- 


G.A.  50,  10855d  (1956) 
Rx.  II58 

SUCROSE 


Penicillium 
chrvsogenum 


0  -a-D -glue opyr anosy 1 - 
(1 — -2) -0-3 -D-fruc to- 
fur  anosy  l-(l — *2)-0- 
D-fructofuranoside 


Smith,       Sqc_.  Chem.  Ind.  22,  972-5  (1904). 


Rx.  1159 


RAFFINOSE 


Bacterium  eucalypti 
"Nomen  nudem" 


LEV  AN 


-  390  - 


Harrison  fii  aJL. ,  £an..       Research  it  ^9-63  (1930) . 
C.A.  22,  7234  (1931). 

rx.  n6o  Bacillus  aukmia; 

2..  naaagiig^fiMfi 

Trevisan  (the 
same  as  2..  fl^bti,lis 
Conn) 

RAFFIN,GSE   .  A  LEVAN 


Hehre,  £.  Biol.  Chem.  192.  161-7^  (1951 )• 
C..A.  i&  579g  (1952). 


Rx. 
1161 


r 


HQ 


HC-OH 
HO-QH  O 
HC-O 
HC— 


CHaOH 


cflBBaiiaJam 


HC-OH 
HO-CH  O 
HC-OH 
HC 


CH,0-k 


dextrin 


dextran  (22jt) 


Kooi,  JJ..&.  2,689,816  (Sept.  21,  195*0. 
2672c  (1955). 

Rx.  1162 

Acetobacter 


PARTTAT.LT  HYDROLYZED  ^'  vlac0sum  DEXTRAN  (38-42)1) 

STARCH 


-  391  - 


Tachibana,  Vitamins  (Japan)  %  119-24  (1955)-    See  ibid.  8,  504-8  (1955) 
£•4.  50,  15701a  (1956). 
Rx.  1163 


^HzOH 
(HC-OH^ 


mutant  plus  lactose 


5  '-D-riboflavinyl — Q_Q|_j 

1 

Aspergillus  orvzae  HC-OH 

HO-CH  O 
HO(iH 
HC  


CHzOH 


riboflavin 


P- (5 '-D-riboflavinyl )-D- 
galactoside 


VI.  Hydrolysis 


CU  HC-O-CH  +  KD 
f  1 


HC-OH  +  HO-CH 


Schardinger,  Wien.  ilia-  Wochenschr.  12,  207-9  (1904). 
Rx.  1164 


Bacillus 
ffiaceraflg 

STARCH   DEXTRIN 


-  392  - 


Schardinger,  Zentr.  Bakt.  Parasitenk.  Abt.  II  22.,  98-103  (1908). 
C.A.  i,  9105  <1909). 

ta-  1165  Bacillus 

magggaafi 

STARCH   NON-REDUCING 

POLYSACCHARIDES  (5#) 


Peterson  e_t  ai..,  Biochem.  Z.  219.  1-6  (1930). 
C.A.  2jb  30309  (1930).  „,     .  ... 

-     "  Clostridium 

Rx.  1166  butvrioum 

Bredemann); 


STARCH 


Clostridium 
acetobutvlicum 

(b_.  sacchflrgbutyr3-?us 


ijquefasiens 


BP 
&) 


a-D-GLUCOSE 


Peterson  si  al. .  Biochem.  Z.  219.  1-6  (1930). 
C.A.  2jb  30309  (1930). 
Rx.  1167 


a  bacterial  culture 
from  horse  manure 


CELLULOSE 


B-D-GLUCOSE 


Iwata,  Bull.  Imp.  Coll.  Agr.  and  Forestry  Morioka  (Japan)  No.  21,  120  pp. 
C.A.  20,  71781  (1936).  (1935). 

Rx.  1168  microorganisms  from 

alimentary  tract 
of  animals 

XYLAN  XYLOSE 


-  393  - 


S^rensen,  Nature  177,  81*5  (1956). 
£.A.  51,  55^h  (1957)- 
Rx.  1169 


XYLAN 


Sporocvtophaga 
myxococcoides 


XYLOSE,  XYLOBIOSE, 
AND  XYLOTRIOSE 


Loicjanskaja,  Comnt.  rend,  acad.  sci.  U.R. S.S.  1^,  381-4  (1937) 


£.A.  2i,  6279s  (1937) 


Rx. 
1170 


CH 


HC-OH 
HO-CH  O 

HC-O 
HC— 


COOH 


_  x 


polyglucuronic  acid 
(from  cellulose  oxidation) 


Sporocvtophaga 
myxococcoides 
(Spirocheta 
cvtophaga ) 


HO-CH 
HC-OH 

HO-CH  O 
HC-OH 
HC  


COOH 


glucuronic  acid 


Yoshikawa,  Science  Repts.  Hyogo  Univ.  Agr . .  Ser.  Agr.  Chem.  1,  53-5  (195*0- 
C.A.  k%,  11774e  (1955). 


Rx. 
1171 


CH 


HO-CH  O 

HO-CH 
HC-O 
HC — 


COOH 


Pseudom.pn.as 
alginoliquef aciens 
(Alginjsffioaas.  sp.?) 


ho-<:h 

HO-CH 

HO-CH 
HC-OH 
HC  


COOH 


alginic  acid 
(Na  salt) 


mannuronic  acid 


-  39^  - 

Potter  and  McCoy,  J.  Bacteriol.  70,  656-62  (1955). 
C.A.  50,  35511  (1956). 
Rx.  1172 


H9 — 

HC-OH 
HO-CH  o 
-O-CH 

HC  


COOH 


Bacillus 
polvmvxa 


f-Kp-OH 
HC-OH 

HO-CH  o 

HO-CH 

h<:  

COOH 


pectic  acid 


galacturonic  acid 


Henry  and  Auld,  Proc.  Rov.  Soc.  76B.  568-80  (1905 ). 
Brit.  C.A.  2Q  [ii],  H1*  (1906). 
Rx.  1173 


CN-CH-O-CH 

HC-OH 

HO-CH 

HC-OHi 
HC-0J 


^H 


HC-OH 
HO-QH 
HC-OH 
HC-O-1 
CH*OH 


pressed 
yeast 


CHO 


amygdalin 


benzaldehyde 
(plus  HCN  and  glucose) 


Uhlenhaut,  Ann.,  irvcol.  %  567-621  (1911 ). 
C.A.  £,  2249^  (1912). 
Rx.  117^ 


CN-CH-O-CH 

HC-OH 
HO-£H 
HC-OH 
HC-0J 
CHzO 


CH 


HC-OH 
HO-CH 
HC-OH 

h6-oj 

CH«OH 


HO-CH-CN 


molds 


A 


araygdalin 


benzalcyanohydrin 
(plus  glucose) 


-  395  - 

Rothrock  et  §i..,  Arch.  Biochem.  Biophvs .  31,  151-5  (1955)- 


C.A.  It2,  14903c  (1955). 
Rx.  1175  CH3- 


O- 


CHa  CHb- 


saponins 


PeniciUium 
chrysogenucfl 


CH3. 


N 
O 


+  ROH 

(carbohydrate ) 


S\  -diosgenone  (3.6$) 


Rothrock  et  Arch.  Biochem.  Bionhvs .  51,  151-5  (1955). 

£.A.  it2,  14903c  (1955) 

rx.  1176       CHn     n      /-Cht  CHr 


saponins 


CH3 


+  ROH 

(carbohydrate ) 


diosgenin 
(90-100#  of  acid  hydrolysis  value) 


Schiesser,  Ricerca  scj.  2£,  449-60  (1952). 
C.A.  42,  4085d  (1955). 
Rx.  II77 

a  bacterium 

similar  to 

Bacillus 

macerans  in 

hydrolytic  activity 
DIGITONIN   

(C55H90O29) 


(plus  2 
galactose 
and  2  glu- 
cose 

molecules ) 


digitogenin 
(suggested  structure) 


-  396  - 


VI.  Hydrolysis 


ROH  +  R-COOH 


Kraght  and  Starr,  Arch.  Biochem.  Bionhvs.  l£,  271-7  (1953). 
£.A.  It2,  8829h  (1953). 


Rx. 
1178 


HC-O 
HC-OH 

HOCH  o 

 CH 


HQ  1 

COOCH3 

pectin 


carotovora 


CH3OH 


methanol 
(nearly  100f>) 


Pigulewski  and  Charik,  Biochem.  £.  20J},  201-10  (1928), 
C.4.  21,  6299  (1929). 
Rx.  1179  O 

CHrO-C-R 


HC  ^17^33 

CHrO-C-R 
6 


microflrganisms 
C17H33  z^^-heptadecenyl  CH 

CH 


fcl-l^-CHs 
(CH^-COOH 


olive  oil 


oleic  acid 


Castell  and  Garrard,  Can.  J.  ResearclTl9C  106-10  (19^1) . 
C.A.  2S,  3S395  (19U1). 


Rx.  1180 

I  o 

HOCHJ-Cl7H» 

I  o 

CHrO-C-Cl7H33 

O 

triolein 


Mamoli,  Ber.  71B.  2696-8  (1938). 
C.A.  21,  21568  (1939). 
Rx.  1181 


Species  of  the 
genera 
Pseuflomon,a,s, 

Alpa.Ugen.es  and 
Achroffloba,cter 


bakers ' 
yeast 


estrone  esters 
(3-acyloxy  estrone) 


X)  O 
oh 


Mycobacterium 

smegmatis ; 
M.  l.nntir.oln 


CH-fcH^-CHa 
CH-(CH^-C(X>H 

(c,7h33cooh) 


fatty  acid 
(oleic  acid) 


"a"-estradiol 


Shull  and  Kita,  Belg.  538,527  (May  21,  1955). 
C.A.  reference  not  available 
Rx.  1182  CH2D-C-CH3 


c=o 

c^--OH 


21-0-ace  tyl -     -pregnene -17a, 
21-diol-3,20^iione 


yvl  k 

<£±  >  -pregnadiene-17a,21- 
diol-3,20-dione 


-  598  - 

Shull  and  Kita,  Beig.  558,327  (May  21,  1955)- 
C.A.  reference  not  available 

CHtO-C-CHs 

Rx.  1185  A=0  g 

^k^OH  Mycobacterium 

spaegmatia ; 

&  iaai^aoia 


ChkOH 

'=0 
55^r-OH 


21-0-acetyl- A  -pregnene-17a,21- 
diol-5,20-dione 


^  -pregnane  -lta,  17a,  21  ■ 
triol-3,20-dione 


VI.  Ifydrolysis 


(aromJ 


G.  X-O-CH  +  HtO 


(arom. )  ^ 

-  *C-OH  +  HO-CH 
/  i 


Van  Tieghem,  Comnt.  rend.  £5,  1091-4  (1867). 


Rx.  1184 


TANNINS 
(a  glycoside) 


Aspergillus, 

niger; 
Penicillium 
gl  aumim 


GOOH 


gallic  acid 


-  399  - 

Calmette,  Ggr_.  129,1$*  (March  1,  1902). 


Rx.  II85 


TANNIN 


Aspergillus 

Apparently  a 
varient  of 

4-  aigsx 


COOH 


Supnievski,  Biochem.  £.  146  .  522-35  (1924). 
C..A.  i2,  3H8  (1925). 

Rx-  1186  CHzOH 


Pseudomonas 
aeruginosa. 
(Bacillus 


O-9H 
H^-OH 

HO-  (^H     O  E22azsn§iis.) 

HC^-OH  — — — 

HC  1 

CHzOH 


salicin 


saligenin 


Boas,  ggfltr..  Bj&t.  Parasitenk,  II  Afct  •  kk,  695-701  (1916) 


Rx. 
H87 


As 


OH 


OH 


O-QH 
HC-OH 

HO-dH     O  ^^HO/^pOH 


Cladosporium 
sp. 


H< 
H( 


OH 


A.  oryzae 


CHlOH 


phloridzin 


phlorogluc  inol 


-  1*00  - 

Barnett  and    Swain,  Nature  177.  133-^  (1956). 
C..A.  5P.,  7401f  (1956). 
Rx.  1188 


r 


HC- 


HC-OH 
HO-^H 

HC-OH 
HC-O- 

ChUOH 


yeasts 


to 


HO-f^V^ 


+  glucose 


to 


aesculin 


aesculetln 


VI.  Hydrolysis 


Proteins  and  amino  acids 


Salkovski,  £.  phvsiol.  Chem.  22,  297-323  (l899). 
Brit.  C.A.  36  [11],  567  (1899). 
Rx.  1189 


bacteria 


PROTEIN 


H 


■CHarCHrCOOH 


p- (3 -indolyl) -propionic  acid 


-  401  - 


Kirch,  Food  Research  k,  363-70  (1939) . 
C.A.  21,  866 9T  (1939) . 

Rx-  1190  Aspergillus 

niger 

protein   *~  HaN-CH-COOH 

ft 

peptones  and  amino  acids 


Podolslsy,  Arch.  Biochem.  Biophys .        327-^0  (1953). 
Ifcl,  11343g  (1953). 

1191  gscJaexigMa 

co;i 

protein   —    hit  N  -CH  -  COOH 

i 

R 

free  amino  acids 


VI.  Hydrolysis 


Sh.  -NH-C-  +  HaO   -NHa+  HO"C 

1  1 


Ackermann,  Z.  nhvsiol.  Chem.         482-501  (1909). 
C.A.  k,  I+7I+8  (1910). 

putrefactive 
Rx.  1192  bacteria 

CHz-CH^-CHa-CH-COOH  —  -  CH*-CH*-ChV-ChU 

hJH  NJHz  NHa  NHa. 

C=NH 

NHfc  putrescine 

arginine  (l,4-diaminobutane) 


-  402  - 


Ackermann,  Z.  physiol .  Chem.  60.  1*82-501  (1909). 
C.A.  ^  (1910). 
Rx.  1193 

putrefactive 
bacteria 

CHi-^HaJ^CH-COOH   CHe-£H4-CH*-COOH 

isjh        rsiH*  Kjh* 

C=NH 

arginine  ^-aminovaleric  acid 


Ackennann,  £.  nhvsiol .  Chem.         305-15  (1908). 
C.A.  J,  Ul^  (1909). 

Rx.  1194 

putrefactive 
bacteria 

CHar^Ha)fCH-COOH   CH^CHe^CH-COOH 

C=NH 
fslH* 

d -arginine  i -ornithine 


Schmidt  g£  §1. ,  J.,  fiiol.  Chem.  199  .  771-83  (1952). 
C.A.  JtX,  655i  (1953). 
Rx.  1195 

filagla&UuB 
BBrlriBgaaa 

CHa-fcHa)rCH-COOH   C^-fCH^-CH-COOH 

t|jH  NHz  ^H*  NhU 

C=NH 

NH* 

arginine  ornithine 


-  403  - 


Jackson  and  Pasieka,  Can.  £.  Microbiol.  X,  339-4-5  (1955) • 

C.A.  ja,  76^3g  (1955).  Q+    .  _ 

Staphylococcus 
Rx .  119o  aureus 

(ffigrocpcQus 
var.  aureus) 

CH2rfCH4-CH-COOH   CH*-(CHa)rCH  -  COOH 


rsjH 

C=NH 


NHs 


NHs 


arginine 


ornithine 
(approx,  80$) 


Linneveh,  Z.  phvsiol.  Chem.  200.  II5-8  (1931) 
C.A.  2S,  5H36  (1931)" 
Rx.  1197 


CHz,  CH2.  CH^rChta 
1  1 


C=NH 


t>IH 
C=NH 


putrefactive 
bacteria 


CH&— CH;t~CH2T~CH2> 
NH*,  1  HH« 


arcaine 
(l , 4-diguanidinobutane  ) 


putrescine  (41$) 
(l , 4 -di  aminobut ane ) 


Smith  and  Worrel,  Arch.  Biochem.  28.,  232-41  (1950). 

C.A.  ItS,  3031g  (1951). 
Rx.  1198 


HO-CH  — CH.— CH2OH 


gsghgriciiia  qqU; 


9=0 


NOz 


OMUL*  vulgaris; 

Bacillus  subtilis 


0=C — CH-CH 


NHz 


chloramphenicol 


a-amino    -hyd  roxy  -p_- 
aminopropiophenone 


-  kok  - 


VI.  hydrolysis 


-  -c- 

6 


.ickermann,  Z.  Physiol .  Cham.         482-501  (1909)- 
C.A.  it,  1+7U8  (1910). 
Rx.  1199 

C=NH 

guanidine  urea 


Chrzaszcz  and  Zakomorny,  Biochem.  £.  275.  97-105  (1935). 
C.A.  22,  25755  (1935). 
Rx.  1200 

C=NH 


NH 


putrefactive  Ml— I 
bacteria  ij^na 

  ?=o 


molds 

  c=o 


guanidine 


urea 


-  405  - 


Schmidt  g£  al. ,  £.  Biol.  Chem.  198  .  771-8?  (1952). 

il,  655i  (1953). 
Rx.  1201 

Clostridium 
perfringens 

CH^-(CH4~CH  -CO OH   CHa-(ChU)i-CH-COOH 

C=NH  C=0 

arginine  citrulline 


Jackson  and  Pasieka,  Can,  £.  Microbiol.  1,  339-^5  (1955). 

C.A.         T643g  (1955).  Staphylococcus 

Rx.  1202  aureus 

(Micrococcus 

pyogenes 
var.  aureus ) 

CHz-(CHA)£-CH-COOH   CH*-(CHz)£-CH-COOH 

C=NH  C=0 

arginine  citrulline 


-  406  - 


VI  o  Hydrolysis 


f 


Miscellaneous  types 


Franke  and  Hahn,  Z.  nhvslol.  Chem.  299.  I5-38  (1955). 
£.A.  itS,  55T0h  (1955). 
Rx.  1205 

N=OOH 


HO-C  C-NH 


N — C-NH 


Pseudomonas 

aamgAnoaa 


oo  c=o 

NH-CH-ISIH 
COOH 


uric  acid 


allantoic  acid 


Hoffman  and  Lampen,  £.  Biol.  Chem.  196.  885-93  (1952). 

C.A.  }£L>  1237f  (1953). 
Rx.  1204 

N=COH 


HC  

CH* 
HC-OH 
HC-O-1 

CH^OH 


OC  C-CH3 
— N — CH 


Escherichia 


OG 
Hfsj 


CO 
C-CH3 

II 

CH 


thymidine 
(thymine  desoxyriboside) 


thymine 


-  J+07  - 


Bokorny,  Biochem.  Z.  ^  376-U6  (1916). 

C.A.  11,  2609  (1917). 

Rx.  1205   Q~ SO3K 

T  brewers' 

C—  N~Cr»He  compressed 
*^-|  yeast 


H9-S- 
h^-oh 

HO-CH  O 
HC-OH 
HC 


CH«fCH~CH2tN=C=5 


6-UOH 


potassium  myronate 
(sinigrin) 


allyl  isothiocyanate 
(oil  of  mustard) 


Bokorny,  Biochem.  g..         376-416  (1916). 

£.A.  ii,  2609  (1917). 
Rx.  1206  CN 
Gentiobiose-0""(3H 

brewers'  compressed 


yeast 


amygdalin 
(D-  (-)-mandelonitrile-p- 
gentiobioside) 


benzaldehyde 


-  1+08  - 


VII.  Methylation 


Ob.    SaC3W   CH3-5^-CH; 


Challenger  and  North,  £.  Chem.  Soc. .  68-71  (1931*). 

C.A.  28,  19839  (195^).         «j  m  n 

 — '  Sconularionsis 

Rx.  1207  brevicaulis 

(Penicillium 

brevicaule ) 

NoaS^Oa   CH3-S^-CH 


sodium  selenite  dimethylselenium 


Bird  and  Challenger,  £.  Chem.  Soc. .  163-8  (1939). 
C.A.  2i,  2U835  (1939). 
Rx.  12C8  Pepi^ill^m 

ISL..  notatum 

N^S^03   CH3~S^-CH 


sodium  selenite  dimethylselenium 


Challenger  et  aJL . ,  Chemistry  &  Industry  128-9  (1953). 

C.A.  hi,  7596b  (1953).  Sco-Dularionsis 

Rx    1209  brevicauli?; 

Aspergillus  niger 
plus  C14-labeled  donors 

f-LS^Oa   CH3-5^-CH3 


selenous  acid 
(probably  a  Na  or  K  salt  of) 


dimethylselenium 
(labeled) 


-  409  - 


Challenger  and  North,  J.  Chem.  Soc. .  68-71  (195*0. 
£.A.  tf.  19659  (19,10.  SssBilsl:ilsaal& 
Rx.  1210  greylgauUg 


CH3-S^CH: 


sodium  selenate 


dime thy Iselenium 


Bird  and  Challenger,  £.  Chem.  Soc. ,  165-8  (1959). 
C.A.  2^,  24853  (1959). 

Rx.  1211  Esalamto 

Ghrvaogenum; 
Pen,  notatum 

Ncu&eQ*   CH3-Sx-CI-U 

sodium  selenate  dime thy iselenium 


Challenger  and  Charlton,  £.  Chem.  Soc. .  1*24-9  (1947). 
ill,  5578d  (1947). 
Rx.  1212 


sodium  selenate  dime thy Iselenium 


Drans field  and  Challenger,  Bioohem.  £.  5^,  xxviii  (1954 ). 
Rx.  1215 

plus  a  C14 -labeled 
donor 

f-LSaO*     —   CH3-SA-CI 


selenates 
(soluble  salts) 


dimethylselenium 
(labeled) 


-  1+10  - 


VII.  Methylation 


Jr.    RS-SR   -  RS-ChU 


Challenger  and  Rawlings,  J.  Chem.  Soc. .  868-75  (1937). 

CA.  21,  5321^  (1937).  o  144 

^  ScopuiariopgiB 

Rx.  1214  brevlcaulls 

^-CHarCHs  ^revkaui?)  CH*-CHs 
S-ChUrCHs  S-CH3 

diethyldisulfide  methylethyl  sulfide 


Challenger  and  Greenwood,  Biochem.       ^  87-91  (1949). 
C.A.        6286f  (1949). 
Rx.  1215 

SgQpulariQPfiAs 

S-CHa-CH^CH^        tondsaiiila.  ^  S-CHa-CH=CH& 

S-CHf-CH=ChU  CHa 

diallyl  disulfide  methylallyl  sulfide 

Challenger  and  Ravlings,  £.  Chem.  Soc. .  868-75  (1957).    See  Chemistry  & 

,.4.  S.  5^  (X93T).           s_1n^„  *™  5^11936) 

rx.  1216  Srfigigaulla 

(EaBislUlmn 

^-CH,-CH,-CH3       ggf^  ^-CHrCHrCK 

S^HrCHrCHa  CH3 

di-a-propyldisulfide  methyl-Q-propylsulf ide 


-  iHl  - 


Blackburn  and  Challenger,  £.  CJjgm..  §22..,  1872-8  (1938). 

£.A.  22,  12653  (1939).  Scopulartoreta 
Rx.  1217  brevicaulis 

S-(CH4-CHa  trasisada)  S-(CH4-CHa 

S-CCKjfe-CHi  CH3 

di-a-butyl  disulfide  methyl -a-butyl  sulfide 


Blackburn  and  Challenger,  £.  Chem.  Soc. .  I872-8  (1938). 
£.4.  33.  12655  (1*9).  Snnnll1nr1onfllH 

Rx.  1218  taxagiflauUa 

-(CH%CH,       B   ■  ^-(CH^X-CH3 
.-(CH^-CHs  CH3 

di-a-amyl  disulfide  raethyl-&-amyl  sulfide 


VII.  Methylation 


O.    Rl\s   RAs(CH^ 

6 


Challenger       al. .  £.  Chem.  Soc. .  95-101  (1933). 

C..A.  21,  16125  (1933).  ScppularjLopsAg 

rx.  1219  ■^mlsaulia 

n  (PgnisiUhm 

V  toreYigaulg) 

HcuO -  As  -  ONo>    —   CH3-AS-CH3 

CH3  CH3 

sodium  methylarsonate  trimethylarsine 


-  412  - 


Challenger  §i  ai.. ,  0-  Chem. 
C.A.  22,  16125  (1933). 
Rx.  1220 

o 

CHrCHzrA's-ONo, 
ONa, 

sodium  ethylarsonate 


§82..,  95-101  (1933). 

breY^ca^JLAa 
(Baa&iiJian 

brevicauls) 


CHrCHrAa-Chb 
CH3 

dimethylethylarsine 


C.A.  2%  3301°  (1935). 
Rx.  1221 


Challenger  and  Ellis,  £.  Chem.  Soc. .  396-400  (1935). 

SGODulariopaiB 

breYlcauliB 
(BanteUliMB 
U  breyicaulg) 

CHfCH-CHz-AsOH   - 

OH 


allylar sonic  acid 


CHfCH-CH*- As  -  CH3 


CHa 

dimethylallylarsine 


Challenger  and  Ellis,  £.  Chem.  Soc. .  396-KX)  (1935). 

Q 

SfiflculacteBB^fl 
jaaaicaiUifl 


£-4-  22,  3301"  (1935). 
Rx.  1222 

o 

CH3-CHz-CH*-A5-OH 

OH 

a-propylarsonic  acid 


brevicaulg 


! 


CH^-CHrCHr-As  -  CH3 

dime thy l-a-propylars ine 


Bird  filfli.,  £ificJieja.  2.  1&,  78-83  (1948). 
C..A.         2670g  (1949).  SGODularioDsia 
Rx.  1223 

o 

CnH^r^-OH 
OH 


brevicaulia : 

aaiadan; 


Aapergillus  nigert 
A.  glaucufl 


alkanearsonic  acid 


a 


-As-CHa 
Ha 


alkyldimethylarsine 


-  1+13  - 


VII.  Methylation 

d.    R^As-OH  (No)   R*As-CHa 


Challenger  fital.,       Chem.  Soc. .  95-101  (1933) • 

C.A.  21,  16125  (1933).  Scopulariopsis 

Ry    Tpph  brevigaulig 

O  (fmWirn 

H  brevjcfiule) 

CH3-As-CH3   CH3-A5-CH3 

ONo.  CH3 

sodium  cacodylate  trimethylarsine 


Challenger  and  Ellis,  £.  Chem.  Soc. .  396-400  (1935). 

£.4.  22,  33018  (1935).  Scopyqariopsis 

Rx.  1225           n  (penic^UjujB 

il  breyicau;?) 

CHi-CHt  As-CKrCHs   -  CHa-CI-Lr-A*  -  CHt-CHs 

OH  CH3 

diethylarsinic  acid  methyldiethylarsine 


Challenger  and  Rawlings,  £.  Chem.  Soc. .  264-7  (1936). 
C.A.  20,  29191  (1936).  Scopulariopsis 
Rx    1226  br9VlgfluUg 

ll  breyica.ule) 

CH3-(CH4-A8-OH  -  CHa-fcH^-Aa-CH 

CH3  CH3 


methyl-a-propylarsinic  acid  dimethyl-Q-propylarsine 


-  klh  - 


Challenger  and    Rawlings,  J.  Chem.  Soco ,  264-7  (1936). 

C.A.  20,  29191  (1936).  Sconularionsis 

brevicaulis 

Rx.  1227  q  (Penicillin 

II    ,  breyica,ule) 

CH3-(CHz)2-As-(CH^CH3   CHj-(CH4-As-(CHitCHs 

OH  CHa 

ethyl -n,-propylarsinic  acid  methylethyl-n.-propylarsine 


VII.  Methylation 


J2x.       Miscellaneous  types 


Challenger  and  Ravlings,  £.  Chem.  Soc. .  868-75  (1937). 
C.A.  21,  5321^  (1937).  Sconularionsis 

Rx.  1228  ^eyicaulis 

[Penieillium 
brevlcaule) 

CHs-ChUpSH   -  CHrCH«rS-CH3 


ethyl  mercaptan  methylethyl  sulfide 


Challenger  and  Ravlings,  J.  Chem.  Soc. .  868-75  (1937). 

C..A.  21,  53214  (1937).  Sco-Dularionsis 

brevicaulis 

RX*  1229  (Penieillium 

brevicaule) 

CH3-(CH*)-SH   -  CH3-(CH^vS-CH3 


n-propyl  mercaptan  methyl-a-propyl  sulfide 


-  415  - 


Challenger  §£  §1.,  Chemistry  &  Industry.  128-9  (1953). 

C.A.  la,  7596b  (1953).  Sco^ularionsis 

Rx.  brevicaulis 

1230    CHz-CH-COOH  plus  C^-labeled 

•       ^  ehoXine  or  forttato  CH^^Jfc^ 

CHe~CH3 

S-ethylcystelne  C14-methylethyl  sulfide 


Challenger  and  Charlton,  £.  Chem.  Soc. .  424-9  (1947). 
C.A.  4JL,  5578d  (1947). 
Rx.  1231 

^  Scopulariopsis 

C  H3-vS  -  (C  H^-CH-  COOH      *m*g      ■»  CH3-S-CH3 

CHa  NHa 

d,l-methionlne  methiodide  dime thy lsulfide 


Bird  and  Challenger,  £.  Chem.  Soc. .  574-7  (1942). 
C.A.  22,  4099  (1943).  n       ,    ,  , 

Rx.  1232  brgv^aulig; 

some  Penicillium 
spp. 

RHSAOa      —  R-55.-CH3 

R=  methyl,  ethyl,  &-propyl 

aliyl  seleninic  acid  methylalkylselenide 
 (Na  salt) 


Bird  and  Challenger,  2.  Chem.  Soc . ,  574-7  (1942). 
C.A.  a  W99  (1*3).  SssailsslaBsia 

Rx.  1233  brevicauJ-ig. 

some  Penicillium 

spp. 

RHSiiOa   CH3-S^-CH3 


alkyl  selenonic  acid 
(K  salt) 


d  ime  thy lselenium 


-  kl6  - 


Bird  and  Challenger,  J.  Chem.  Soc. .  163-8  (1939). 

C.A.  35,  21+835  (1939).  o  „    ,     •  • 

Rx.  1234  brevicaulis 

(Penicillium 

hreyip.qnle)  — 

K^Oa   CH3-U.-CH3 

E2D..  chrysogenum: 
a  mold  related  to 

potassium  tellurite  ESU-  flQta'tWfl  dimethyl  telluride 


Challenger  et  &1.,  J..  Chem.  Soc. .  95-101  (1933). 

C.A.  22,  16125  (1933).        o       n  , 

^  Sconularionsis 

Rx.  1235  brevicaulis 

(Penicillium  brevicaule) 

4  strains 

AsitOa   -     CHr-As  -  CH3 

CH3 

arsenic  trioxide  trimethylarsine 


Challenger,  Chemistry  &  Industry.  61.  397-99  (191+2). 
C..A.  21,  11+65  (191+3). 
Rx.  1236 

Sconularionsis 
brevicaulis 

H3  As  03   CH3-A3  -CH3 

CH3 

arsenious  acid  trimethylarsine 


Bird  Biochem.  £.  1+1,  78-83  (191+8), 

2..A.  I&,  2670g  (1949).  Sconularionsis 


Rx.  1237 


H3As  03 


arsenious  acid 


brevicaulis ; 
Aspergillus 

fliauQus 


CH3-^s  ~CH3 
CH3 

trimethylarsine 


-  417  - 


Challenger  and  Higginbottom,  J_.  Chem.  Soc. .  1757-78  (1935). 
C.A.  22,  75961  (1935).  Scopulariopsls 
Rx.  1238  (Penicillin^ 

breyicauie) 

N^As04   -  CHa-^s-CHa 

CH3 

sodium  arsenate  trimethylarsine 


VIII.  Esterification 


cl.    ROH  +  H3PO4   RO-PQaH* 


Szulmajster  et  al.. ,  Bull,  soc.  chim.  biol.  35.  455-65  (1953). 
£..A.  I£,  795c  (195*0- 

bakers'  yeast 

Rx.  1239  (Saccharomvces 

cerevisiae) 

CHa-ChLOH  -  CHs-ChfeO-POaH* 


ethanol  ethyl  phosphate 


Baba,  I.  Agr.  Chem.  Soc.  Japan  19.  I83-6  (19^3). 
C.A.         3025i  (1951). 

Rx«  121+0  Aspergillus 

Qlger. 

ChU=CH-ChUOH    —  -    CH^CH-CH^O-  POaK 


2-propenol-l 
(allyl  alcohol) 


monoallylphosphoric  acid 


-  klQ  - 


dried 
yeast 


Robison  and  Morgan,  Biochem.  J.  22,  1277-88  (1928). 
C.A.  gi,  11159  (1929). 
Rx.  1241 

Q--0 
HO-CH 
HC-OH 
HC-OH 

CHaOH 


HC  

HC-OH 
HOCH 
HQ-OH 
HC-O— 1 

CHaOH 


tg 


O- 
-OH 
HO-QH 
HC-OH 
HC-O-J 
CHQ-POaHa 


fructose 


trehalosemonophosphate 


Robison  and  Morgan,  Biochem.  £.  2k,  119-32  (1930). 
,1+ 


Rx.  1242 


£.A.  2Jb  5^20^  (1930). 

Hi-OH 
HC-OH 
HO-CH  O 
HC-OH 
HC  


CHzOH 


dried  yeast 


TREHALOSEMONOPHOSPHATE 


glucose 


Jephcott  and  Robison,  Biochem.  28,  18U-53  (193*0 
C.A.  29_,  1931*  (1935). 


Rx.  1243 


HC-OH 
HO-CH 
HO-CH  6 
HC-OH 
HC  


dried  yeast 


CHaOH 


See  Robison,  ibid. 
2£,  2191  (1932). 


HC-OH 

HO-CH 

HO-£H  O 
HQ-OH 
HC  


CHaO-POaH 


mannose 


mannose  monophosphate 


-  14-19  - 


Baba,  Bull-  Fac.  Eng. .  Hiroshima  Univ.  h,  295-302  (1955).    See  Young,  Proc. 

Chem.  Soc.  2^  65  (1907). 


5a,  310hf  (1956). 

Rx'  12kk  QHeDH 
HO-C— 


HO-QH 


HC-OH 
HC-O— 1 

CHeOH 


fresh  or 
dry  yeast 


QHaO-POaH* 

HO-C  s 

HO-CH 
HC-OH 
HC-O- 
CH*0-P03Ha 


fructose  (from  molasses) 


C.A.  T687h  (195*0. 
Rx.  12^5 

COOH 

c=o 

HO-QH 
HC— OH 
HC-OH 
CHtOH 


Aerobacter 

slsaaas 


fructose-l,6-diphosphate 
(67-69$) 


DeLey,  Enzvmologia  16.  99-104  (1953). 


COOH 

HO-CH 
HC-OH 
H<i-OH 
CH^O-POaH*, 


2-keto-D-gluconic  acid 


2-keto-D-gluconic  acid- 
6 -phosphate 


Neuberg  and  Lustig,  £.  Am..  Chem.  Soc.  2722-3  (1942). 
C..A.  22,  i+097  (191+3). 


Rx. 


1246  HC 

HC-OH 
HO-QH 
HC-OH 


CH2OH 

■O-Q  


HO-QH 
HC-OH 
HC-O— J  HC-O- 
CH2OH  CHtOH 


bakers '  yeast 


CH^O-POaH^ 

HO-C  

HO-CH 
HC-OH 
HC-O- 
CHiD-POaH^ 


sucrose 


D-f rue tose -1 , 6 - 
diphosphate 


-  420  - 

Ames  and  Mitchell,  £•  Biol.  Chem.  212.  687-96  (1955)- 
C.A.  It2,  7057h  (1955). 
Rx.  1247 

N — C-CHz-CH-COOH  N — C-CHzrCH-CH* 

CH   CM   .    CH   CH  9 

Neurosnora  |S|  HO"r^=0 

|_J  mutants  |-|  OH 

(his  t id  ine -requiring ) 


histidine  L-histidinol  phosphate 

Ames  and  Mitchell,  £.  Biol.  Chem.  212.  687-96  (1955)- 

£.A.  42,  7057h  (1955). 
Rx.  1248 


N — C-  CH2-CH  -  COOH  N — C-  CHz-C-  CH* 

QH   CH       NM*   _    QH  CH 


x.   CH   ^    CH   CH       O  6 

^fsj'  Neurospora  HO"P=0 


i-j  mutants  lj  X^, 

(histidine -requiring) 


histidine  imidazole-acetol  phosphate 


Ames  and  Mitchell,  £.  Biol.  Ghem.  212*  687-96  (1955)- 
£.A.  its,  7057h  (1955). 
Rx.  1249 

N — C-O-L-CH-COOH  N — C-CH^CH-CH* 

ql|  KjHe   ^    »      ^OH  OH  9 

H  mutants  H  OH 

(histidine-requiring) 


histidine 


D-erythro-imidazole- 
glycerol  phosphate 


-  42 1  - 


VIII.  Esterification 

Jtr>.  -COOH  +  ROH  —  COOR 


Kayser,  Comet,  rend.  155.  185-7  (1912). 
C.A.  £, 
Rx.  1250 


C.A.  6,  Jkkk1  (1912). 


yeasts 

CHsrCHzDH     -   CHa-C-O-CH^-CH 

O 


ethanol  ethyl  acetate 

(from  sucrose  fermentation) 


Birkinshaw  e_£.  al.,  Trans.  Roy.  Soc.  (London)  B220.  555-67  (1951  )• 
g£,  21+875  (1952). 

Rx-  ^51  ffrttLffm^UB 

CH3-CH*OH     —   CH3-C-0-CHa-CH3 

6 

ethanol  ethyl  acetate 

(from  glucose  fermentation) 


Gray,         J.  Botany  ^6.  475-80  (1949).  See  Peel,  Biochem.  £.  h%,  62-7 

C.A.  4£,  7550a  (1949).  (1951 ). 

Rx'  1252  Hajtsenula 

CHa-CH^OH  »  CH3-C-0-CHz-CH3 

O 

ethanol  ethyl  acetate 
(from  carbohydrate  fermentation) 


-  K22  - 


Ishikawa,  Japan .  1300  (April  18,  1950). 
C.A.  1£,  7620f  (1952). 

Rx.  1253  Hansenula 

anomala 
(Willia 
anomala ) 

CH3-9H-COOH   CH3-CH-COO(R) 

OH  OH 


lactic  acid  lactate  esters 


Maassen,  Arb.  Kais.  Ges.-A.  1^  5OO-I3  (1899). 

Brit.  C.A.  JQ  [11},  231-2  (1900). 

Rx.  1254  Bacillus  praepollens 

(Species 
incertae  sedis ) 

ch3-(ch4-cooh   ch3-(ch4-c-o-(ch*)-ch 

o 


n.-valeric  acid  probably  n.-amyl  valerate 


Kim,  Enzvmologia  £,  183-5  (1939) . 
C.A.  25,  8642 7  (1939). 
Rx.  1255 


yeast  o 


CH3-(CHArCOOH   CHs-(CH^-C-0-0-U 

FK)-CH 

r-o-ch* 

P=CH3-<CHa)n-C-  or  H- 

& 


fatty  acids 


glyceride  esters 


-  423  - 


Tabone  and  Tabone,  3ull.  soc.  chim.  biol.         56I-3  (195*0 


C.A.  1+9,  422a  (1955). 
Rx.  I256 


NhU 


anthranilic  acid 


Bacillus 
(Bacillus 


'CO OH  pegatherimt) 


^r-C-O-CH 
6  HC-OH 
HO-CH  O 
HC-OH 

HC  

CHeOH 

1 - (an thr anilyl )  -0  - 
D-glucose 


Kim,  Enzymologja,  £,  183-5  (1939). 
£l.A.  22,  8642  7  (1939). 
Rx.  1257 


COOH 


yeast 


gallic  acid 


OOOCHrCH3 

A 

HO-L  yJ-OH 


OH 


ethyl  gallate 


Tabone  and  Robert,  Bull,  soc.  chim.  biol.  25,  815-8  (1953). 
£.A.         3442f  (1954). 
Rx.  I258 


-(CH4-9-OH 


O 


H 


megaterium 


megatherium^ 
f5-(3-indolyl)-propionic  acid 


^rc-o-cH 

O  HC-OH 
HO-CH 
HC-OH 
HC-O— 1 
CH^H 

1-  (indolepropionyl )  -f5-D-glucose 


-  k2h  - 


Braunstein  and  Lewi tow,  Naturwissenschaften  20,  Vfl  (1932). 
£.A.  26,  1+8U06  (1932). 

Rx.  1259  -  Miscellaneous  type  (Esterif ication) 


AsQf  +  ROH 


yeast 


RO-AsOaH 


arsenate  (plus  a  hexose,  ROH) 


hexose  arsenate  ester 


IX.  Dehydration 


cu  -CH-C- 
OH 


1  1 

-c=c- 


Lov,  Ber.  li+B,  1+50-2  (l88l). 
Brit.  C..A.  kO  [i],  602  (l88l) 
Fx.  1260 

HOOOOH 


HO- 


schizomycetes 


-OH 


OH 


COOH 


OH 


■OH 


quinic  acid 


protocatechuic  acid 


-  14-25  - 


Emmerling  and  Abdarhalrien,  Zentr.  Bakt.  Paras itenk.  II  Abt.  10,  357-9 

(1903). 

Brit.  C.A.  8i  [ii],  503  (1903). 


Rx.  1261 


HC^COOH 


HO 


OH 


Micrococcus 

(Species  in,certae 
sedis) 


COOH 


OH 


-OH 


quinic  acid 


protocatechuic  acid 


Beijerinck,  Proc.  Acad.  Wetenschappen  13.  1066-77  (1911) 
fi.A.  d,  12262  (1912). 


Rx.  1262 


HO^COOH 


HO 


Pseudomonas  calco- 
acetica  (fflcroco<?cu,s, 

Pseudomonas  eisenbergij 
(£.  fluorescens  non 
liauefaciens) 


-OH 


OH 


quinic  acid 


Butkewitsch,  Biochem.  Z.  145.  442-60  (1924). 
C..A.  12,  915  (1925). 
Rx.  1263 

HO^COOH 


HO 


A.  oryqae; 
Mu^px 

racemogus 


COOH 
OH 


OH 

protocatechuic  acid 


OH 


HO-i^^OH 


quinic  acid 


resorcinol 


-  426  - 


Butkewitsch,  Biochem.  Z.  145.  442-60  (1924) 
C.A.  12,  915  (1925). 
Rx.  1264 


HQTXDOH 

A 


OH 


Aspergillus 

niger : 
A.  oryzae : 
Mucor 
racemosus 


COOH 
x^-OH 


quinic  acid 


OH 

protocatechuic  acid 


Bernhauer  and  Gorlich,  Biochem.  Z.  280.  394-5  (1935)- 
4 


C.A.  3_0,  122  (1936). 
Rx.  1265 

HO  COOH 

A 


Ac.etobacter 
gluconicum 
(Bacterium 
gluconicum) : 
Penicillium  griseofulvum 


COOH 


OH 


-OH 


quinic  acid 


protocatechuic  acid 


-  1+27  - 


IX.  Dehydration 


Jr.  -CHrCH  -  -CH=CH- 

OH 


Voisenet,  Compt.  rend,  1^0.  1614-16  (1910). 
£.A.  it,  27091  (1910). 
Rx.  1266 

bacteria 

CHrCH-CKt   

OH  OH  OH 

glycerol 


CHa=CH-CHO 

acrolein 


Voisenet,  Compt.  rend.  1*58.  195-7  (1914).    See  ibid.  12,  563-5  (1911). 

C.A.  8,  Ikky*  (1914). 

c  organism  appears 

RXe  126^  identical  to 

Pagiliug 

O-L-CH-CHt   CHe=CH-CHO 

•  ,        •    .     I,  apjaracrylus 
OH    OH    OH         (probably  Bacillus 

PQlyfflYXa) 

glycerol  acrolein 


Humphreys,  £.  Infectious  Diseases  V5.  282-90  (1924). 
C.A.  18,  36229  (1924). 


Rx.  1268 


Clostridium 
nerfringens 
(§..  velchii) 

CHa-CH-CH   CHfCH-CHO 

OH  OH  OH 


glycerol 


acrolein 


-  428  - 


Ser.jak  et  al. ,  Appl.  Microbiol.  2,  1^-20  (195^). 
C.A.  1^  3629e  (195*0- 

Rx.  1269  j    .  . 

Lactobacillus 

spp. 

Chfe-QH-CH,   -  CH|=CH-CHO 

OH  OH  OH 

glycerol  acrolein 


Emmerling  and  Reiser,  Ber_.  252.,  700-2  (1902). 
Brit.  C.A.  82  [ii],  279  (1902). 

Pseudomonas 

Rx.  1270  fluorescens 

COOH  (Bacillus  fluorsecens 

liquefaciens) 


HO-CH 
CH* 
COOH 

l-malic  acid 


COOH 

HC 
COOH 

fumaric  acid 


IX.  Dehydration 


O.       Miscellaneous  types 


Lemoigne,  Bull,  soc.  chim.  biol.  8,  770-82  (1926). 
C.A.  2] 
Rx.  1271 


C.A.  21,  11338  (1927). 


bacilli 

CHa-CH-CH^-COOH   -  (C4H6OtV 

OH 

dehydration  and  polymerization 
P-hydroxybutyric  acid  products  of  3-hydroxybutyric  acid 

(n  =  approx.  6) 


-  U29  - 


Beijerinck,  Proc.  Acad.  Wetenschappen  1^.  1066-77  (1911). 
C..A.  £,  16262  (1912). 
Rx.  1272 


OH 

S 


Pseudomonas 

aromatic a 


HO 


OH 
HOY  ^ 


d-quercitol 


pyrogallol 


Stewart  sifll.,  Affl.  CJaga.  S^c..  £L,  3532-4  (19^9). 
C..A.  1^  10799a  (1950). 

Rx.  1273  OhkOH 
HO- CH 

ho-£h 

HO-9H 
HC-OH 
HC-OH 
CH*OH 


Agetpfracter 

gu^oxydans 


O 


CH; 


HO-iH 
HO-tH 
HO-CH 
H9 

— o 

C^OH 


:0 


volemitol 


sedoheptulosan  (27$) 


-  1+30  - 


X.    Asymmetric  Dismutation 


cu  -CHO 


-CHzOH  +  -COOH 


Neuberg  and  Windisch,  Biochem.  Z.  166.  454-81  (1925). 

6 


Q..4.  2867  (1926) 
Rx.  1274 


CH3-CHO 


Acetobqcter  ascenders 
(B_.  ascendens); 
Escherichia  coli 

(b_.  sSu); 

Aerometer  a9rgfi9fteg 

(b .  Xactjs  aaEggsasfi ) 


Chb-CHkOH 


ethanol 


CHrCOOH 


acetaldehyde 


acetic  acid 


Molinari,  Biochem.  Z.  216.  187-215  (1929) 
C.A.  2k,  13975  (1930). 
Rx.  1275 


CHa-CH^-CHO 


Acetobacter 

XYlinUffl 
(B.  xxliflua) 


CHfCH^rCHaPH 


n.-propyl  alcohol 
•(l-propanol) 

CHa-ChkrCOOH 


propionaldehyde 


propionic  acid 


-  431  - 


Neuberg  and  Windisch,  Biochem.  Z.  166.  1+54-81  (1925). 

,6 


C.A.  20,  2867  (1926). 
Rx.  1276 


ChVC-COOH 


Acetobacter  ascendens 
(£•  ascendens ) : 
4.  paateurianum 
(B.o  pasteurianumk 
A.  xylijivtfq 

(g..  xyljnuffl) 


CHrCHaOH 


ethanol 


CH3-COOH 


pyruvic  acid 


acetic  acid 


Neuberg  and  Windisch,  Biochem.  Z.  16.6.  1+54-81  (1925). 
2Q616  (1926). 
Rx    1277  Acetobacter 

(B.  xvlinum);  CHa^CHf-CHirCHzOH 
A.  ascendens 
(B.  ascendens) 

CHrCHrCHrCHO   —  1"butan°1 

CHr  CHz-CHr  COOH 


H-butyraldehyde  n-butyric  acid 


Binder-Kotrba,  Biochem.  Z.  174.  1+48-51  (1926). 
£.A.  gl,  4352  (1927). 

Rx.  1278  Acetobacter     r^LJ-OLJ    r^i_j  _r^i_i  HU 

ascendens       ^113  ^M"^  On^rl 

(Bad.  OH 

ascendens) 

CH3-C?H-CHi-CHO   1,3-butanediol 

OH 

CH3-CH -CHrCOOH 
OH 


3 -hydroxybutyr aldehyde 
(acetaldol) 


P -hydroxy butyric  acid 


-  U32  - 

Neuberg  and  Simon,  Biochem.  Z.  174.  452-6  (1926). 
C.A.  21,  4265  (1927). 
Rx.  1279 

Acetobacter 

ajimm  CH3-CHarCH-"CH2,OH 
(g.,  jEiiaiia)  CHa 

CH3-CH^-CH-CHO   -  2-methyl-l-butanol 

Ch-U 

CH3-CHVCH-COOH 
CH3 

2 -me thy  Ibutyr aldehyde  2-methylbutyric  acid 

Molinari,  Biochem.  Z.  216,  187-215  (1929).  See  Neuberg  and  Simon,  ibid, 
C.A.  2k,  13975  (1950).  *52-6  (1926). 

Rx.  1280 

Acetobacter 

(B.  ascendens  ):  CH3_CH£-CH  "-CH&OH 
A.  xxUjQum  Q-|3 

(b.  x^iinum) 

^-N|  |^        J  (^|— J  (^|—JQ  »  2-methyl-l-butanOl 


CH3 


CHs-CHarCH-COOH 
CH3 


2-methylbutyraldehyde  2-methylbutyric  acid 


Molinari,  Biochem.  Z.  £l£,  187-215  (1929). 
C.A.  gJb  13975  (1950). 
Rx.  1281 


A 

CH  C-CHO 
11  ll 

CH-CH 


Acetobacter 

(b.  ascending) 


furfural 


A 

CH  C~CH*OH 
11  11 

CH-CH 

furfuryl  alcohol 

A 

CH  C-COOH 
11  II 
CH-CH 

furan-2-carboxylio  acid 


-  ^33  - 

Molinari,  Biochem.  Z.  216,  187-215  (1929). 

£.A.  2i,  13975  (1930). 
Rx.  1282 

Acetobacter 

ffAinuffl 
(B.  xxUniiffi); 

a.  as^aadsas 

<v                 (a.  nfip.flnflftnfi ) 
.  >CHO  


CH*OH 


benzyl  alcohol 


COOH 


benzaldehyde 


benzoic  acid 


Molinari,    Biochem.  Z.  2j£,  IB7-SI5  (1929). 
C..A.  gJt,  13975  (1930). 
Rx.  1283 


9- 
CH 


\  // 


Acetobacter 

ascendens )  CH3 
QJ-jQ   anis  alcohol 


H2DH 


anis aldehyde 


anisic  acid 


Molinari,  Biochem.  Z.  2J&,  187-215  (1929). 
C.A.  2k,  13 975  (I930)o 
Rx.  128^ 


/=\  * 

<^  ^-CH=CH-CHO 


Ag^iafcaatej; 

xvlinum 

(§..  xyiinum) 


CH=CH-CKOH 


cinnamyl  alcohol 


•CH=CH-COOH 


c  innamaldehyde 


cinnamic  acid 


-  k%  - 

Molinari,  Biochem.  Z.  216.  187-215  (1929). 
C.A.  gJt,  13975  (1930)  = 
Rx.  1285 


CH3 

CH£rCH=C-CH3 
CHe-CH-CH^-CHO 
CH3 


Acetobacter 
A.  ascendens 

(a.  asssaasna.)  CHrCH=C-CHa 


CH: 


CHrCH-CH-CH*OH 
CHs  (-COOH) 


citronellal 


citronellol  and 
citronellic  acid 


Crowe,  a.S..  2,7^3,212  (Apr.  24,  1956). 
C.A.  5Q,  10983a  (1956). 

Rx.  1286 


C6-CHO 


Acetobacter 

agcendensi 
other  Acetobacter 
spp. 


C9-OH 


C9  alcohol 


Cg-COOH 


C9  aldehyde 


C9  acid 


-  ^35  - 


XI.  Condensation 


gu  -CHO  +  CHs-CHO   ■  CH-C-CH3 

OH  O 


Neuberg  and  Reinfurth,  Biochem.  Z.  14^.  553-65  (1923). 
£.4.        21819  (1924). 
Rx.  1287 


CHrCHO 


top  or 
bottom 
yeast 


CHs-QH-c-CHa 

OH  O 


acetaldehyde 


acetylmethylcarbinol 
(3-keto-2-butanol) 


Neuberg  and  Hirsch,  Biochem.  Z.  115.  282-310  (1921 ). 
1 


£..A.  ]£,  2105  (1921). 
Rx.  1288 


OCH 

A 


yeast 


OH 

CH-C-CHs 


benzaldehyde 
(plus  acetaldehyde) 


Ji-phenylacetylcarbinol 


-  436  - 

Shimazu,  £.  Chem.  Soc.  Japan  71.  5O3-5  (1950), 
C.A.  l£,  9004d  (1951). 
Rx.  1289 


0=CH 


yeast 


HOCH-C-CH3 


benzaldehyde 
(plus  pyruvic  acid) 


phenylacetylcarbinol 


Behrens  and  Iwanoff,  Biochem.  Z.  169.  478-81  (1926). 
C.A.  20,  3303 5  (1926) 
Rx.  1290 


O--CH 


■CH 


bottom 
yeast 


HO-CH-C-CH3 


o-tolualdehyde 
(plus  acetaldehyde) 


g-tolylacetylcarbinol 


Behrens  and  Iwanoff,  Biochem.  Z.  169.  478-81  (1926). 
C.A.  20,  33033  (1926). 
Rx.  1291 


o 


OCH 


bottom 
yeast 


CH3 


HO-CH-C-CH3 

f 

CH3 


£-tolualdehyde 


p_-tolylacetylcarbinol 


-  437  - 

Neuberg  and  Liebermann,  Biochem.  Z.  121.  311-25  (1921 ) 
C.A„  l£,  1089  (1922 )» 
Rx.  1292 


O 


OCH 


yeast 


f 

O-CHs 


p_-anis  aldehyde  (plus  acetal- 
dehyde )  (p-methoxybenzaldehyde ) 


HO-CH-C-CHs 

f 

OCH3 

JL-£-me  thoxy  phenyl  ac  e  tyl  e  ar  b  inol 


Neuberg  and  Liebermann,  Biochem.  Z„  121.  311-25  (1921 ) 
C.A.  16,  1089  (1922). 
Rx.  1293 


OCH 


o 

1 1 


yeast 


HOCH-C-CHa 


0_-chlorobenzaldehyde 


jB-o_-chlorophenylacetylcarbinol 


XI.  Condensation 


Miscellaneous  types 


-  438  - 

Neuberg  and  von  May,  Biochem.  Z.  140,  299-314  (1923). 
C.A.  18,  13056  (1924). 


Rx.  1294 


bottom 
yeast 

ch3-c-cooh   ch3-c-ch-ch3 

6  6  oh 


pyruvic  acid  acetoin 


Lintner  and  Liebig,  Z.  phvaiol.  Chem.  88,  109-21  (1913). 
C.A.  8; 
Rx.  1295 


C.A.  8,  11266  (1914). 


CH-CH 
11  11 

CH  C-CH 

o  o 

furfural 
(plus  acetaldehyde) 


yeast 


(plus  reduction) 


CH-CH 

CH  /C-CH-CH^H^ 
O      OH  OH 

l-furyltrimethylene  glycol 


Babicka  e_L  flt- ,  Czech.  84,320  (May  1,  1955). 

c.A.  59_,  9686b  (1956). 

Rx.  1296 

£enl- 

CH3  ^/CHzrCHz.  digitatum    CH3  ^JZHzrCHz, 

C=CH         ^CH-CH3  -  CH-CH       *  ^pH-CHa 

CH3    CH-CH*  CH3  q-l-CHj. 

6  OH 


citronellal 


menthol  (93#) 


-  439  - 


XII.  Amination 


cu  -C  -  -CH- 

6  ^Hz 


Paretsky,  Iowa  State  Coll.  £.  Sci.  gi,  61-3  (1948). 

Rx.  1297  Aerobacter 

aerogenes 
(plus  NH4C1 ) 

CH3-C-COOH  —  ChVCH-COOH 

pyruvic  acid  alanine 


Fairhurst  et  si.,  £.  Gen.  Microbiol.  15,  106-20  (1956).    See  Shah  et  al . , 

G_.A.  50,  I6977i  (1956).  ^  620"4  (19^)- 

Rx-  1298  Bacillus 

subtilis 

CH3-C-COOH   -  CH3-CH-COOH 

6  NIHa 


pyruvic  acid  alanine 


Shah  gt  §i. ,  £.  Gen.  Microbiol.  12,  620-4  (1957). 
C.A.         6496e  (1958). 

Bacillus 

Rx.  1299  subtilis 

(plus  ammonium  ions) 

CH3-CH-C-COOH   CH3-CH-CH-COOH 

CH3  O  CH3  KJHL 


2-keto-3-methylbutyric  acid  valine 


-  kkO  - 


Shah  et  al.,  J.  Gen.  Microbiol.  17,  620-4  (1957). 

C.A.  52.,  6k96e  (1958). 

,  ~~  Bacillus 
Rx.  1300  subtilis 

CH3~CH~ (^Hta  (plus  ammonium  CHi~CH~"CH2. 

CH3  C-COOH      lons)  CH9  CH-COOH 

2-keto-i+-methyl-valeric  acid  leucine 


Otsuka  et  al . ,  Bull.  Agr.  Chem.  S^c .  Japan  21.  69-70  (1957) . 
C.A.  51,  10664b  (1957)= 

Rx .  1301  Pseudomonas 

ovalis 

HOOC-C-(CH4-COOH   HOOC-CH-(CH^)£-COOH 

a-ketoglutaric  acid  L-glutamic  acid  (60$) 


XII.  Amination 


P.  -CH=CH   -CH-CHz 


Quastel  and  Woolf,  Biochem.  £.  20,  5^+5-55  (1926). 
£.4.^3^(1926).  j^^^ 
Rx.  1302  (gaQiJ-lyg  £2li 

HOOC-CH=CH-COOH   HOOC-CH-CHrCOOH 

(plus  NR4CI  and  (sJHjj, 
an  inhibitor) 

fumaric  acid  1-aspartic  acid  (60$) 


-  kkl  - 


Sumiki,  Bull.  Jap.  Soc.  Ferment .  23,  3J-1&1  (1928). 
C.A.  22.,  25512  (1929). 

COOH 


Rx.  1503 


CH 
11 

HC 
COOH 

fumaric  acid 


beer  yeast 
(plus  NH4CI) 


COOH 
H^N-CH 
CH* 
COOH 

L-aspartic  acid  (75$) 


Abe.  Tohoku  J.  Exptl.  Med. 

h%  33-7  (19U7). 

C.A.  kk,  3563f  (1950). 

rx.  uou  COOH 
1 

CH 
11 

Staphylococcus  aureus 
(S.  pyogenes  aureus): 
Serratia  marcescens 
(Bacillus  crodiffiosus) 

COOH 
HC-NhU 

HC 

CH* 

COOH 

COOH 

fumaric  acid 

aspartic  acid 

XIII.  Acetylation 


ou.  -NH*   -  -NH-C-CH3 

O 

Jr.  -OH   -  -O-C-CH3 

O 


Katz  et  ai. ,  J_.  Biol.  Chem.  200.  1+17-29  (1953). 
C.A.  kZ,  3927g  (1953). 

Rx*  1505  Clostridium  CHzrCOOH 

k^uyveri  I 

CHrCOOH   NH-C-CH3 

NH*  6 


glycine 


acetylglycine 


-  hk2  - 


Katz  et  al.,  J.  Biol.  Chem.  200.  1+17-29  (1953). 
hi,  3927g  (1953). 
Rx.  1306 

Clostridium 

lstemsxl 

9l-k(CH^rCH-COOH   CHr(Cl-U)-CH-COOH 

N^         NHa  NH»  islH-C-CH. 

6 


lysine  a-N-acetyllysine 


Gottlieb  Slai.,  I.  Bacteriol.  22,,  153-6  (1956). 


C..A.  ^0,  157l8f  (1956). 
Rx.  1307 

HOCH-CH-CHaOH 

SiEggfcfiMKSfifi 


NO, 


HO-CH-CH-CH^OH 
vx  NH-C-CH3 

x  6 

f 

NO* 


£-nitrophenylserinol 


N -ace  ty 1 -p-ni  t r opheny Is  er  inol 
(55*) 


Duff  §i  ai.,  Nature  179.  103-4  (1957)- 
C.A.  5i,  12211d  (1957). 


Rx.  1308 


HC-OH 
HC-OH 
HO-CH 
HC-OH 

HQ  

CH*OH 

D -glucose 


megaterium 
(3  strains) 


HC-OH 
HC-OH 
HO-CH 
HC^-OH 
HC  


CH^O-C-CH3 


1 1 


O 

6-0-acetyl-D-glucose 

(20*) 


-  445  - 


XIV.  Amidation 


a,.  -C-OH   -C-NH 

6  o 


Bovarnick,  £.  Biol.  Chem.  14*5.  415-24  (1942). 

C.A.  2X,  901^  (1943). 
Rx.  1309 


h*n-ch-(ch4-cooh 

COOH 


Bacillus 
subtilis 


See  Thorne  et  al . ,  £. 
Bacteriol.  68,  307-15  (1954) 


-hn-ch-(ch4-c 


COOH 


O 


d-(-)-glutamic  acid 


glutamyl  polypeptide 


Kogl  e_t  al . ,  Ann..  497.  265-89  (1932 ) . 
C.A.  21,  55705  (1932). 
Rx.  1310 

n-p-HU  Pseudomonas 
W  y  chlororaphis 
(Bacillus 
chlororaphis ) 


N 


OONH* 


N 


phenazine-a-carboxylic  acid 
(K  salt) 


phenazine-a-carboxamide 
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TYPE  REACTION  INDEX 


OXIDATION 


a.  -CH-  - 

I 

OH 

b .  -CH2- 


-C- 

II 

0 


T 

OH 


c.  -CHO 


-COOH 


d  •    —  CH2— CH2— 


-CH=CH~ 


e.  -CH2OH 


f.  -CH 

i 

g.  -CH3 


-COOH 


-C-OH 


-CH2OH 


(arom.)  (arom.) 

I  —  I 

H  OH 


i.  -CH2- 


-C- 
I 

0 


(1)  (2)  U) 
j.  -CH-C  


k.  -CH2OH 


1.  -C-CH- 
i  i 


(1)  (2) 
m.    -CH-C-  - 


0 


-CHO 

-C-O-C 

i 


(1) 

r 

OH 


Rx.  Nos. 

1-151 

152-286 

287-361 
362-425 
426-456 
457-466 
487-507 

508-52^ 

525-542 


5^3-557 

558-567 
568-575 


576-584 


n.  -CH2-CH- 


-CH=C- 


585-590 


-  hb6  - 

Rx.  Nos. 

I.    OXIDATION  -  continued 

o.    -CH=CH   -C-CH2-  591-595 


0 

pk    -C=CH  -  -C-  CH-  596-599 


1 


V 


q.    2    CH3  —  -CH2-CH2-  600-602 

(arom.) 

r .    -CH=CH-  —  -CH-CH-  603-605 


OH  OH 

\.CH^  v^COOH 

s.    |T   -        Tf  606-608 

^^CH^ 


'CH^  --^OH 

t.    Miscellaneous  types  609-628 
II.  REDUCTION 

a.    -C   -CH-  629-758 


"  t 


0  OH 

b.  -CHO           -CHgOH  739-783 

c.  _CH=CH  —  -CH2-CH2-  78^-810 

d.  -CH=C-   —   -CH2-CH-  811-851 

e.  -N02  *-  -NH2  852-850 

f .  _CH             -CH2-  851-862 


OH 

g.  -c         -c=  865-872 


T 


0  OH 

h.  R-S-S-R  —  R-SH  873-879 

i.  -CHO  -  -CHgSH  880-883 

© 

j.    CH3-S-R  -  CH3-S-CH3  884-887 


CH3 


-  kkl  - 


II.    REDUCTION — continued 

k.    -CH2OH  -  -CHa 

1.    Reduction  to  methane 
m.    Miscellaneous  types 
III.  DECARBOXYLATION 

a.  -CH2-COOH  -CH3 

b.  -CH-COOH  —  -CH2 

I  I 

NH2  NH2 

c.  -CH-COOH  -CH2 

I  I 

NH2  OH 


d.  -C-^OOF 


0 


-c^ooh  — icco 


H 


(D(2) 
e.  -C-COOH 


0 

(D(2) 
f.  -C-COOH 


g. 


(1)  (2) 
-CH-COOH 


(1) 
-CHO 


(1) 

-CH2OH 


(1) 

-  -COOH 


IV. 


NH2 

h.  Miscellaneous  types 
DEAMINATION 


a.  -CH- 


-CH- 


NH2  OH 

b.    -CH  —  -CH2- 

I 

NH2 


R&  Nos. 

888-89O 
891-898 
899-928 

929-950 
951-972 

975-985 


986-994 


995-1001 


1002-1005 


1006-1008 


1009-1020 


1021-1050 


1051-1068 
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IV.    DEAMINATION — continued 


c.  -CH- 


—  -C- 

II 

NH2  0 


d.  -CH- 


NH2 

e.    -CH  * 

I 

NH2 
f  •  — CH2— CH— 
NH2 


-COOH 


-|HS 


OH 


-CH=CH- 


g.    Miscellaneous  types 
V.  GLYCOSYLATION 

Miscellaneous  types 

n    R(OH)2  -  {R-O} 


R-O-R  +  r'-(OH)2 
OH  OH 


VI.  HYDROLYSIS 


IO69-IO83 


1084-1089 


IO9O-IO94 


IO95-IO98 


1099-1104 


IIO5-II63 


[r(OH)2  =  carbohydrate  moiety] 
R-O-R7 +  R(OH)2 


OH  OH 


HC-OH  +  HO-CH 
1  1 

R'OH  +  R-COOH 


a.  HC-O-CH  +  HzO  — 

1  1 

b.  R-COOR/+  H20   

(arom.).  (arom.)  , 

c.  =C-0-CH  +  H20 — —  =C-OH  +  HO-CH- 

d.  Proteins  and  amino  acids 


1 

e.  -NH-C-  +  H20 

f .  -C-  +  H20  — 

il 

NH 


-NH2  +  HO-C- 


-  -Q- 


1164-1177 
1178-1183 

1184-1188 
1189-1191 
1192-1198 
1199-1202 


g.    Miscellaneous  types 


1203-1206 


-  449  - 


Rx.  Nos. 

VII.    ALKYLATION  (METHYLATION) 

a.  Se03=(4)   CHa-Se-CHa  1207-1215 

b.  R-S-S-R  — — R-S-CH3  1214-1218 

c.  R|s(OH)2  ^  R-As-(CH3)2  1219-1225 

0 


d.  RaAs-OH  —  R2AS-CH3  1224-122? 

I! 

e.  Miscellaneous  types  1228-1258 
VIII.  ESTERIFICATION 

a.  ROH  +  H3PO4  ^RO-POaHa  1259-1249 

b.  ROH  +  -COOH — ^-COOR  1250-1258 

c.  Miscellaneous  types  1259 

IX.  DEHYDRATION 
OH 


a.  -CH-C  —  -C=C-  I26O-I265 

III 

b.  -CH2-CH  —  -CH=CH-  1266-1270 

I 

OH 

c.  Miscellaneous  types  1271-1275 
X.    ASYMMETRIC  DISMUTATION 

-CHO  —  -CH2OH  +  -COOH  1274-1286 

XI.  CONDENSATION 

a.  -CHO  +  CH3-CHO  —  -CH-C-CH3  1287-1295 

OH  0 

b.  Miscellaneous  types  1294-1296 


-  1+50  - 


Rx.  Nos. 


XII.    AMI  NAT ION 


a.  -C- 


I  I 


-CH- 

I 

NH2 

b.    -CH=CH  —  -CH-CH2- 

NH2 


XIII.  ACETYLATION 


a.  -NH2 — --NH-C-CH3 

0 

b.  -OH  —  -O-C-CH3 

0 


XIV.    AMI DAT I ON 


1 


-OH  +  -NH- 


ft 


1397-1301 


1502-1501+ 


1505-1507 


1508 


1509-1510 


-  1*51  - 
MICROORGANISM  INDEX 

Bfc.  Nos. 

1.  Absidia  species  1080 

2.  Acetic  acid  bacteria  70 

3.  Acetobacter  aceti  5,  20,  21,  44,  1*5,  48,  56, 

308,  310,  427,  434,  439,  44l, 
M*3,  1007,  IO85 

4.  Acetobacter  aceticum  333 

5.  Acetobacter  acetigenum  63,  343,  1119,  1120 
(re-named  A.  acetigenus ) 

6.  Acetobacter  acetosum  71,  292,  44l 

7.  Acetobacter  acetovorum  14,  57,  339 

8.  Acetobacter  acidum-mucosum  438 
(same  as  A.  pasteurianus ) 

9.  Acetobacter  ascendens  324,  434,  44l,  671,  755, 

127V,  1276,  1277,  1278,  1280, 
1281,  1282,  1283,  1285,  1286 

10.  Acetobacter  capsulatum  13,  1161,  1162 

11.  Acetobacter  glue oni cum  54,  65,  75 ,  305,  345,  565, 

621,  1265 

12.  Acetobacter  kutzingianum  50,  312,  428,  440,  444,  448, 
(re-named  A.  kuetzingianus )  450 

13.  Acetobacter  melanogenum  57,  72,  99,  100,  295,  302, 
(re-named  A.  melanogenus )                          333,  350,  36O,  361 

14.  Acetobacter  mobile  65,  345 

15-  Acetobacter  orleanense  63,  71,  3^3 

16.  Acetobacter  pasteurianum  2,  63,  312,  343,  428,  432, 
(re-named  A.  pasteurianus )  440,  444,  448,  450,  754,  1276 

17.  Acetobacter  peroxydans  56 

18.  Acetobacter  rancens  1026,  1046,  IO65 

19.  Acetobacter  rose as  321,  454,  567 

20.  Acetobacter  schutzenbachii  IO65,  IO85,  1099 
(same  as  A.  schuetzenbachii ) 


-  452  - 


21.  Acetobacter  species 

22.  Acetobacter  suboxydans 

23.  Acetobacter  suboxydans  muciparum 
(believed  physiologically  identical 
to  A.  suboxydans ) 

24.  Acetobacter  turbidans 

25.  Acetobacter  viscosum 

26.  Acetobacter  xylinum 

27.  Actinomyces  No.  1164 

28.  Achromobacter  species 

29.  Aerobacter  aerogenes 

30.  Aerobacter  cloacae 

31.  Aerobacter  levanicum 

32.  Aerobacter  species 
33 •  Aerobic  bacteria 
34.  Aerobic  organisms 
35-  Aeromonas  specie 

36.  Agrobacterium  tumef aciens 

37-  Alcaligenes  faecalis 

38.  Alcaligenes  species 


Rx.  Nos. 


1,  13,  65,  71,  76,  90,  292, 
308,  324,  333,  345,  445,  1286 

7,  10,  22,  25,  30,  31,  32, 
33,  34,  35,  36,  37,  38,  40, 
41,  42,  43,  46,  52,  55,  58, 
68,  76,  84,  93,  95,  97,  289, 
302,  330,  348,  432,  1273 

82,  295,  302 


63,  71,  343,  436 
1162 

4,  9,  12,  20,  23,  3^,  hk,  45, 
47,  48,  53,  56,  65,  69,  81, 
91,  92,  94,  96,  291,  298, 
307,  311,  3^5,  558,  565,  991, 
1105,  1125,  1275,  1276,  1277, 
1279,  1280,  1282,  1284,  1285 

139,  212,  585,  826 
1180 

64,  74,  90,  296,  303,  306, 
309,  344,  352,  636,  673,  752, 
959,  970,  983,  984,  1009, 
1040,  1041,  1089,  1274,  1297 

1245 

1141,  1143 

90,  855 

102 

426 

1134 

1132 

108,  133,  134,  135,  136,  137 
403,  728,  1180 


1^53  - 


39.  Algincmonas  species 

40.  Anaerobic  bacteria 

41.  Aspergillus  chevalieri 

42.  Aspergillus  cinnamomeus 

43.  Aspergillus  clavatus 

44.  Aspergillus  elegans 

45.  Aspergillus  fischeri 

46.  Aspergillus  flavus 
I4.7.  Aspergillus  fumigatus 

48.  Aspergillus  fuscus 

49.  Aspergillus  gallomyces 

50.  Aspergillus  glaucus 

51.  Aspergillus  itaconicus 

52.  Aspergillus  Japonicus 
53«  Aspergillus  nidulans 
54.  Aspergillus  nicer 


55  •  Aspergillus  ochraceus 
56.    Aspergillus  oryzae 

57*    Aspergillus  species 


Rx.  Nos. 

1171 

891,  893,  895,  896,  897,  1068 
552,  553,  580,  582 
315,  316 
285 

765 
285 

546,  569,  575 
244 

315 
II85 

319,  1223,  1237 

194 

316 

223,  267,  285,  765 

6,  29,  126,  153,  155,  163, 
178,  181,  186,  193,  217,  228, 
232,  238,  266,  314,  315,  340, 
1*52,  487,  488,  492,  501,  502, 
503,  504,  506,  510,  511,  512, 
513,  514,  515,  516,  517,  521, 
522,  523,  524,  525,  610,  611, 
613,  615,  824,  930,  936,  1017, 
1018,  1082,  1103,  1107,  1111, 
1131,  1135 ,  1136,  1184,  II85, 
II87,  1190,  1209,  1213,  1223, 
1240,  1263,  1264 

I85,  198,  240,  269 

327,  552,  553,  571,  580,  582, 
1017,  1073,  1074,  1079,  1163, 
II87,  1263,  1264 

194,  200,  204,  495,  527,  528, 
529,  531,  533,  534,  556,  557, 
764,  765,  939,  940,  944, 
1080,  1111 
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58.    Aspergillus  tamarii 


59.  Aspergillus  terreus 

60.  Aspergillus  ustus 

61.  Aspergillus  wentii 

62.  Azotobacter  oxydans 

63.  Azotobacter  species 

64.  B.  coli 

(same  as  Escherichia  coli) 

65.  Bacillus  amaracrylus 

66.  Bacillus  ami  nophilus  intestinalis 
(probably  a  variety  of 
Klebsiella  pneumoniae) 

67.  Bacillus  amylobacter 

(same  as  Clostridium  butyricum) 

68.  Bacillus  butylicus 

(same  as  Clostridium  butyricum ) 

69.  Bacillus  carotovorus 

(same  as  Ervinia  carotovora) 

70.  Bacillus  cereus 

71.  Bacillus  chlororaphis 

(same  as  Pseudomonas  chlororaphis) 

72 .  Bacillus  cloacae 

(same  as  Aerobacter  cloacae.) 

73.  Bacillus  coli 

(same  as  Escherichia  coli ) 

74.  Bacillus  coli  communis 
(same  as  Escherichia  coli ) 

75-    Bacillus  delbrukii 

(same  as  Lactobacillus  delbrueckii ) 

76.    Bacillus  fluorescens  liquefaciens 
(same  as  Pseudomonas  fluorescens ) 


Rx.  Nos. 

527,  529,  531,  534,  939,  9^1, 
943,  945 

186,  1176 

285 

194,  325,  766 
590 

148,  590 

958,  1070,  1071,  1072,  1089, 
1274 

1267 

962,  967 

1166 
1013 
437 

466,  1133 
1310 

1009 

736,  789 

732,  734,  735,  911,  963, 
1054,  1097,  1302 

674 

791,  807,  958,  1270 


-  ^55  - 

Rx.  Nos. 

77 .  Bacillus  fluorescein  non  liquefaciens  1262 
(same  as  Pseudomonas  eisenbergii ) 

78.  Bacillus  lactis  1133 
(possibly  Bacillus  cereus ) 

79.  Bacillus  lactis  aerogenes  636,  673,  959,  984,  1009, 
(same  as  Aerobacter  aerogenes  1040,  104l 

80.  Bacillus  levaniformans  1137 
(possibly  a  variety  of 

Bacillus  vulgatus ) 

81.  Bacillus  liquefaciens  magnus  IO67 
(probably  Clostridium  bif ermentans ) 

82.  Bacillus  macerans  1164,  II65,  1177 

83.  Bacillus  megaterium  64-9,  1057,  1256,  1258,  1308 

84.  Bacillus  megatherium  1256,  1258 
(same  as  Bacillus  megaterium) 

85.  Bacillus  meseatericus  970,  984,  1139,  1160 
(possibly  Bacillus  subtilis ) 

86.  Bacillus  polymyxa  1141,  1143,  1172,  1267 

87.  Bacillus  praepollens  1254 
(Species  incertae  sedis) 

88.  Bacillus  prodigiosus  1304 
(same  as  Serratia  marc esc ens ) 

89.  Bacillus  proteus  vulgaris  966,  1033 
(same  as  Proteus  vulgaris ) 

90.  Bacillus  putrificus  702,  707,  711,  712,  713,  714, 
(same  as  Clostridium  lentoputresceiis )  815,  8l6,  817,  819,  820,  825, 

888,  1051,  1053,  1064,  1066 

91.  Bacillus  pyocyaneus  287,  455,  1015,  1186 
(same  as  Pseudomonas  aeruginosa) 

92.  Bacillus  saccharobutyricus  liquefaciens  1166 
(same  as  Clostridium  acetobutylicum ) 

93.  Bacillus  sphaericus  365,  380,  389,  395,  398,  404, 

420 

94.  Bacillus  spinosus  1067 


-  k$6  - 


Rx.  Nos. 


95-    Bacillus  subtilis 


96.    Bacillus  typhosus 

(same  as  Salmonella  typhosa ) 

97*    Bacillus  vulgatus 

98 .  Bacillus  welchii 

(same  as  Clostridium  perf ringens ) 

99.  Bacteria 


100 .  Bacterium  aceti 

(same  as  Acetobacter  aceti) 

101.  Bacterium  acetigenoideum 

102.  Bacterium  anitratum 

103.  Bacterium  ascendens 

(same  as  Acetobacter  ascendens ) 

104.  Bacterium  coli 

(same  as  Escherichia  coli ) 

105.  Bacterium  coli  commune 
(same  as  Escherichia  coli) 

106.  Bacterium  dihydroxyacetonicum 
(Nomen  nudem) 

107.  Bacterium  eucalypti 
(Nomen  nudem) 

108.  Bacterium  freundii 

(same  as  Escherichia  freundii ) 


98,  400,  407,  415,  649,  791, 
847,  966,  970,  984,  1025, 
1032,  1044,  1057,  1139,  1141, 
1160,  1198,  1298,  1299,  1300, 
1309 

1097 


1137 
1268 


103,  122,  124,  144,  349,  355 
431,  442,  451,  588,  603,  612 
614,  705,  706,  708,  709,  800 
810,  818,  830,  852,  862,  866 
889,  908,  909,  933,  934,  951 
952,  954,  955,  957,  960,  961 
971,  972,  986,  988,  990,  993 
1009,  1010,  1026,  1052,  IO56 
1057,  1058,  1059,  1060,  1063 
1069,  1086,  IO87,  1100,  1102 
1167,  1189,  1192,  1193,  1194 
1197,  1199,  1266,  1271 

48,  434,  443,  1007,  IO85 


433 
358 

434,  671,  1274,  1276,  1277, 
1278,  1280,  1281,  1282,  1283, 
1285 

635,  659,  752,  786,  791,  807, 
890,  901,  984 

968 


11 

1138,  1159 
659,  853 


-  457  - 


109.    Bacterium  gluconicum 

(same  as  Acetobacter  gluconicus) 

310.    Bacterium  hoshigaki  var. 
glucuronicum  II 

111.  Bacterium  hoshigaki  var.  rosea 
(same  as  Acetobacter  roseus) 

112.  Bacterium  industrium  var.  hoshigaki 

113-    Bacterium  kutzingianum 

(same  as  Acetobacter  kuetzingianus ) 

Ilk.    Bacterium  lactis  aerogenes 

(same  as  Aerobacter  aerogenes) 

115.  Bacterium  oblongum 

116.  Bacterium  oblongus 

(same  as  Micrococcus  oblongus ) 

117.  Bacterium  pasteurianum 

(same  as  Acetobacter  pas teuri anus ) 

118.  Bacterium  putidum 

(same  as  Pseudomonas  putida) 

119.  Bacterium  rancens 

(same  as  Acetobacter  rancens) 

120.  Bacterium  savastanoi 

(same  as  Pseudomonas  savastanoi ) 

121.  Bacterium  schutzeribachii 

(same  as  Acetobacter  schuetzenbachii ) 

122.  Bacterium  suboxydans 

(same  as  Acetobacter  suboxydans ) 

123.  Bacterium  succinicum 

(may  belong  to  the  genus  Escherichia ) 

124.  Bacterium  termo 

125.  Bacterium  xylinoides 

126.  Bacterium  xylinum 

(same  as  Acetobacter  xylinum) 


Rx.  Nos. 
75,  305,  565,  621,  1265 
328,  329 
321 

323,  454 

312,  428,  440,  444,  448,  450 

752,  970,  983,  1089,  1274 

67 
3^7 

312,  428,  432,  440,  444,  448, 
450,  754 

331 

1026,  1046,  IO65 
313 

1007,  1026,  IO65,  IO85,  1099 
330 

788,  858,  861 
446 

5^,  1026,  103^,  1037,  1046, 
IO65,  1099 

49,  53,  69,  92,  311,  565, 
991,  1105,  1275,  1276,  1277, 
1279,  1280,  1282,  1284,  1285 


-  1*58  - 


127.  Betabacterium  vermi forme 
(same  as  Lactobacillus  brevis) 

128.  Betacoccus  arabinosaceous 

(same  as  Leuconostoc  mesenteroides ) 

129.  Calonectria  decora 

130.  Candida  lipolytica 

131.  Cephalosporium  subverticillatum 

132.  Cephalothecium  roseum 

133.  Chromobacterium  violaceum 

134.  Citrobacter  species 

(same  as  Escherichia  species) 

135.  Cladosporium  species 

136.  Clastosporium  species 

137.  Clostridium  ac e tobutyli cum 

138.  Clostridium  bifermentans 

139.  Clostridium  butylicum 

140.  Clostridium  kluyveri 

141.  Clostridium  lentoputrescens 

142.  Clostridium  perfringens 

143.  Clostridium  propionicum 

144.  Clostridium  sporogenes 

145.  Clostridium  tertium 

146.  Colletotrichum  antirrhini 

147.  Colletotrichum  phomoides 

148.  Colletotrichum  pisi 

149 o  Coniothyrium  helleborine 


Rx.  Nos. 

1150 

1124,  1129,  1130 

378,  379,  390,  396,  5^5 
616 

547,  570 

131,  202,  236,  242,  279,  462, 

468,  471,  477,  478,  482,  483, 
484 

520 

854 

1187 
766 

743,  899,  931,  987,  1166 
1067 

629,  643,  739,  900,  1013,  1166 

787,  1305,  1306 

702,  707,  711,  712,  713,  714, 
815,  816,  817,  819,  820,  825, 
888,  1051,  1053,  1064,  1066 

1195,  1201,  1268 

856 

1057 

1057 

207 

247,  278 
247,  278 
247,  278 


-  459 

150.  Coniothyrium  species 

151.  Corynebacterium  mediolanum 

152.  Corynebac  terium  simplex 

153.  Cvmninghamella  blakesleeana 

154.  Curvularia  falcata 

155.  Curvularia  fallax 

156.  Curvularia  lunata 

157-  Curvularia  pallescens 

158.  Curvularia  species 

159.  Cyanococcus  chromospirans 

160.  Cylindrocarpon  radicola 

161.  Dactylium  dendroides 

162.  Debar  cmyces  species 

163.  Desulfovibrio  desulfuricans 

164.  Didymella  lycopersici 

165.  Didymella  vodakii 

166.  Dothichiza  species 

167.  Eberthella  typhosa 

(same  as  Salmonella  typhosa) 

168.  Epic oc cum  orygae 
169*  Erwinia  carotovora 
170.  Escherichia  coli 


Rx.  Nos. 

27k 
132 

402,  403,  406,  728 

246,  256,  271,  W,  541,  596, 
598 

279,  685 
237 

205,  206,  230,  231,  245,  257, 
273,  280,  283,  470,  481,  496, 
576,  596,  597,  598,  599,  725, 
729 

237,  273,  472 
237 

78,  86 

368,  382,  397,  573 

197,  203,  229,  241,  268,  463 

1075 

859 

369,  370,  371,  408,  411,  423, 
424,  425 

252 

275 
1096 


727 

437,  1178 

98,  542,  635,  659,  732,  734, 
735,  736,  752,  786,  789,  791, 
807,  836,  837,  838,  839,  840, 
841,  842,  843,  844,  846,  847, 
848,  849,  850,  866,  890,  901, 
911,  958,  963,  964,  968,  984, 
1054,  1070,  1071,  1072,  1089, 
1096,  1097,  1155,  1191,  1198, 
1204,  1274,  1302 


-  460  - 


171.  Escherichia  coli  var.  canmunior 
(same  as  Escherichia  coli) 

172.  Escherichia  coli  indologenes 
(Nomen  dubium) 

173.  Escherichia  freundii 
17^.  Escherichia  species 

175.  Eurotium  chevalieri 

176.  Flavobacterium  androstenedionicum 

177.  Flavobacterium  carbonilicum 

178.  Flavobacterium  dehydrogenans 

179.  Flavobacterium  maris 
180=  Fumago  vagans 

l8l .  Fusarium  caucasicum 

182=  Fusarium  ciilmorum 

I83  .  Fusarium  lini 

184,  Fusarium  lycopersici 

185 .  Fusarium  solani 

i860  Fusarium  species 

I87 -  Geotrichum  candidum 

188.  Geotrichum  species 

189 .  Gibberella  baccata 

190.  Gibberella  species 

191 .  Gliocladium  catenulatum 


Rx.  Nos. 

1155 

922,  923 

659,  853 
788,  85U 
199 
118 

106,  119,  120 

104,  111,  116,  117,  123,  125, 
146 

150 

325,  1109 

109,  127,  367,  37^,  384,  388, 
5^3,  550,  555 

209 

8,  17,  19,  24,  559,  560,  562 
209 

109,  127,  209,  364,  367,  37^, 
377,  381,  383,  384,  388,  399, 
404,  410,  5^3,  5^8,  550,  555, 
572,  730 

101,  169,  300,  391,  571* 

680,  980,  1008,  1029,  1031, 
1041,  1043,  1047,  1061,  1078, 
1093,  1094,  1104 

1080 

248 

248 

179,  5^6,  5^9 


-  46l  - 


fix.  Nost 


192. 

Gluconobacter  strain 

337 

195. 

Gluconoacetobacter  apacus 

334 

194. 

(Huconoacetobacter  roseus 
(probably  Aeetobacter  roseus) 

567 

195. 

Hansenula  anomala 

558,  561,  564,  1090,  1094, 
1103,  1104,  1252,  1253 

196. 

Hansenula  species 

1075 

197- 

Helicostylum  piriforme 

261,  265,  465,  475,  479,  480, 
598 

y  y v 

198. 

Helminthosporium  geniculatum 

766 

199. 

Hormodendrum  viride 

281 

200. 

Hydrogencmonas  carboxydovorans 

609 

201. 

Klebsiella  pneumoniae 

962,  967 

202. 

Lactobacillus  acidophilus 

863 

205- 

Lactobacillus  bifidus  var. 
pennsylvani cus 

1128 

204. 

Lactobacillus  brevis 

1150 

205. 

Lactobacillus  bulgaricus 

863 

206. 

Lactobacillus  casei 

1066 

207. 

Lactobacillus  delbrueckii 

674 

208. 

Lactobacillus  leichmannii 

863 

209. 

Lactobacillus  st>ecies 

660.  1269 

210. 

Lenzites  abietina 

255.  249 

211. 

Lenzites  soecies 

249 

212. 

Leuconostocs 

640,  642,  660 

213. 

Leuconostoc  dextranicum 

1149 

214. 

Leuconostoc  mesenteroides 

661,  1124,  1129,  1130,  1148, 
1154,  1156,  1157 

215. 

Methanobacterium  formicicum 

892,  898 

-  14-62  - 


216.  Me thanobac  ter ium  omelianskii 

217.  Methanococcus  species 

218.  Methanosarcina  barkerii 

219.  Micrococcus  calco-aceticus 

(same  as  Pseudcmonas  calco-acetica) 

220.  Micrococcus  chinicus 
(Species  incertae  sedis) 

221.  Micrococcus  dehydrogenans 
(same  as  Flavobac terium 
dehydrogenans ) 

222.  Micrococcus  oblongus 

223.  Micrococcus  pyogenes  var.  aureus 
(same  as  Staphylococcus  aureus) 

224.  Microorganisms 

225 .  Molds 

226.  Moraxella  lvoffi 
227-  Mucor  corymbifer 

228.  Mucor  griseocyanus 

229.  Mucor  parasiticus 

(same  as  Parasitella  simplex 

230.  Mucor  racemosus 

231.  Mucor  rouxii 

232.  Mucor  species 

233»  Mycobacterium  lacticola 

234.  Mycobacterium  phlei 

235=  Mycobacterium  rhodochrous 

236.  Mycobacterium  smegmatis 

237=    Mycobacterium  stercoris 


Rx.  Nos. 

435,  449,  894 

1010 

892 

1262 

1261 

104,  111,  116,  117,  123,  125, 
146 

347 

1196,  1202 

429,  595,  829,  831,  978, 
1146,  1168,  1179 

1080,  1174,  1200 

935 
187 

457,  460,  464,  465,  475,  486 
464,  465,  473 

1017,  1263,  1264 

15  ' 

459,  598,  1080 

403,  422,  485,  728,  1182,  II83 
1057 

107,  147,  626,  628 

422,  485,  508,  1014,  1182, 
II83 

101U 


-  463  - 


238.  Mycobacterium  strains 

239.  Mycoderma  aceti 

(same  as  Acetobacter  aceti) 

240.  Neisseria  winogradskyi 

241.  Neurospora  crassa 

242.  Neurospora  mutants 

243.  Nocardia  species 

244.  Oidium  lactis 

(same  as  Geotrichum  candidum) 

245.  Oidium  species 

246.  Ophiobolus  herpotrichus 

247.  Parasitella  simplex 

248.  Penicillium  adametzi 

249.  Penicillium  brevicaule 

(same  as  Sc opulari opsi s  brevicaulis) 

250.  Penicillium  brevi -compaction 

251.  Penicillium  charlesii 

252.  Penicillium  chrysogenum 

253-  Penicillium  citrinum 

254.  Penicillium  corylophilum 

255.  Penicillium  crustaceum 

256.  Penicillium  crostosum 

257.  Penicillium  decumbens 


Rx.  Nos. 


154 

310,  427 


338 

474,  994 

IO38,  1076,  1247,  1248,  1249 
138,  604,  627 

680,  980,  1008,  1029,  1031, 
104l,  1043,  1047,  1061,  1078, 
1093,  1094,  1104 

16 

489,  490,  491,  494,  497,  499, 
500,  505,  507 

464,  465,  473 

569 

873,  875,  877,  878,  879,  905, 
906,  1207,  1210,  1214,  1216, 
1217,  1218,  1219,  1220,  1221, 

1222,  1224,  1225,  1226,  1227, 
1228,  1229,  1234,  1235,  1238 

1118 

1112 

151,  244,  325,  515,  532,  566, 
568,  622,  766,  1016,  1020, 
1126,  II58,  1175,  1208,  1211, 

1223,  1234 

318,  552,  553,  578,  579,  580, 
581,  582,  583 

196 

51,  326 
335 

578,  579,  581,  583 


-  461+  - 


258.  Penicillium  digitatum 

259.  Penicillium  expansum 

260.  Penicillium  glaucum 

261.  Penicillium  griseo-fulvum 

262.  Penicillium  lilacinum 

263.  Penicillium  luteum 

264.  Penicillium  luteum-purpurogenum 
(Nomen  dubium) 

265.  Penicillium  notatum 

266.  Penicillium  olivaceum 

267.  Penicillium  purpurogenum 

268.  Penicillium  sclerotiorum 

269 .  Penicillium  species 

270.  Penicillium  tardum 

271.  Penicillium  urticae 

272 .  Pestalotia  foedans 

273.  Pestalotia  funera 

274.  Pestalotia  royenae 
275-  Peziza  species 

276.  Phycomyces  blakesleeanus 

277.  Phytomonas  betae-gelatae 

278.  Phytomonas  species 

279=  Phytomonas  tumefaciens 

(same  as  Agrobacterium  tumefaciens) 


Rx.  Nos. 

927,  928,  1109,  1251,  1296 
1106 

526,  528,  530,  533,  535,  536, 

537,  591,  592,  593,  594,  929, 

937,  938,  940,  942,  944,  946, 

947,  948,  949,  950,  1103,  1184 

621,  1265 

196,  5^6,  55^,  783 

322,  1108,  1114,  1115,  1116, 
1117 

51,  299,  304,  317,  318,  322 

515,  578,  579,  581,  583,  884, 
887,  1208,  1211,  1223,  1234 

320 

322 

1113 

110,  160,  161,  172,  173,  211, 
317,  552,  553,  556,  557,  580, 
582,  1019,  1080,  1232,  1233 

196 

208 

195 

171 

195 

237 

126,  188,  210 
1131* 

332,  1180 
1132 


-  1+65  - 


280.  Pichia  farinosa 

281.  Proactinomyces  erythropolis 

(same  as  Mycobacterium  rhodochroua ) 

282.  Proactinomyces  roseus 

283.  Proactinomyces  species 

284.  Propi  onibac  ter ium  arabinosum 

285.  Propionibacterium  pentosaceum 

286.  Protaminobacter  alboflavum 

287.  Pr otaminobac  ter  rubrum 

288.  Proteus  species 

289.  Proteus  vulgaris 

290.  Pseudodiphtheria  bacilli 

291.  Pseudomonas  aeruginosa 

292.  Pseudomonas  alginoliauefaciens 
(Algincmonas  specie?) 

293-  Pseudomonas  aromatica 

294.  Pseudomonas  aureofaciens 

295.  Pseudomonas  bei.ierinckii 

296.  Pseudomonas  boreopolis 
297-  Pseudomonas  calco-acetica 

298.  Pseudomonas  chloror aphis 

299.  Pseudomonas  desmolyticum 

300.  Pseudomonas  eisenbergii 

301.  Pseudomonas  fluorescens 


Rx.  Nos. 

1035,  1062,  1081 
107,  147,  626,  628 

149,  286 

113,  627 

856 

932 

362,  363,  366,  372,  385,  387, 
392,  393,  394,  401,  409,  412, 
416,  417,  4l8,  419,  421 

362,  363,  366,  372,  385,  387, 
392,  393,  394,  401,  409,  412, 
4l6,  417,  4l8,  419,  421 

1049,  1050 

98,  847,  956,  966,  1024,  1033, 

1036,  1045,  1057,  1088,  1098, 
1198 

112,  121 

80,  83,  88,  287,  455,  606, 
607,  608,  1015,  1186,  1203 

1171 

1272 

1145 

39 

607 

1262 

1145,  1310 
604,  605 
1262 

60,  62,  73,  77,  79,  87,  89, 
342,  351,  509,  791,  807,  958, 
1145,  1270 


-  14-66  - 


302 »  Pseudomonas  fragi 

303 =  Pseudomonas  glue oni cum 

304 .  Pseudomonas  graveolens 

305.  Pseudomonas  lindneri 
(same  as  Zymomonas  mobilis) 

306.  Pseudomonas  mildenbergii 

307.  Pseudomonas  mors-prunorum 
3080  Pseudomonas  muc idol ens 

309.  Pseudomonas  oryzae 

310.  Pseudomonas  ovalis 

311 .  Pseudomonas  prunicola 

(same  as  Pseudomonas  syringae ) 

312.  Pseudomonas  putida 
313 ■  Pseudomonas  savastanoi 
314.  Pseudomonas  species 

315 ■  Pseudomonas  synxantha 

3160  Pseudomonas  syringae 

317 •  Pseudomonas  vendrelli 

3l8-  Pseudomonas  voodsii 

319.  Pycnodothis  species 

320 .  Pycnosporium  species 

321.  Rhizobium  trifolii 

322.  Rhizoctonia  ferrugena 
323-  Rhizopus  arrhizus 

324.  Rhizopus  cambod.lae 


Rx.  Nos. 

293 

336,  357 
293,  356,  359 
880,  882,  904 

61,  85,  301,  34l 

1142 

332 

437 

332,  1301  ; 
1142 

331 
313 

90,  294,  297,  301,  3^1,  356, 
357,  359,  518,  519,  604,  620, 
623,  624,  1142,  1180 

293 
1142 

293,  297 
357  . 

128,  373,  551 
276 

953 

258,  260 

162,  164,  182,  189,  190,  214, 

215,  219,  227,  233,  254,  262, 

263,  540,  782 

184 


-  467  - 


325-    Rhizopus  nigricans 


326.  Rhizopus  reflexus 

327.  Rhizopus  species 

328.  Rhodopseudomonas  gelatinosa 

329.  Rhodoseptoria  species 

330.  Sac char omyces  cerevisiae 

331.  Saccharcmyces  cerevisiae  var. 
ellipsoideus 

332.  Sac  char  canyces  ellipsoideus 

(same  as  Saccharcmyces  cerevisiae ) 

333-  Saccharcmyces  logos 

334.  Saccharcmyces  pastorianus 

335.  Saccharcmyces  rouxii 

336.  Saccharcmyces  species 
337-  Salmonella  paratyphi 
338»  Salmonella  species 

339.  Salmonella  typhosa 

340.  Schizcmycetes 

341.  Schizophyllum  commune 

342.  Schizosaccharomyces  pombe 

3^3-  Sclerotinia  fructicola 

344.  Scopulariopsis  brevicaulis 


Rx.  Nos. 


157,  159,  164,  167,  174,  175, 
176,  177,  183,  191,  201,  216, 
218,  220,  221,  224,  226,  239, 
253,  254,  263,  264,  270,  284, 
400,  407,  ^15,  ^58,  601,  781, 
823,  827,  828 

156,  158,  166,  168,  538,  539, 
814,  821 

162,  166,  192,  255,  1080 
3 

277,  600 

631,  921,  975,  996,  1239 
97^,  1022 


975,  1023 


1035,  1062,  1081 

244 

1110 

1075 
659 

964,  1097 
1096,  1097 
851,  1260 
1212 

1035',  1062,  1081,  1121,  1122, 
1123 

494,  499 

873,  875,  876,  877,  878,  879, 
885,  886,  902,  903,  905,  906, 
920,  1207,  1209,  1210,  1214, 
1215,  1216,  1217,  1218,  1219, 
1220,  1221,  1222,  1223,  1224, 
1225,  1226,  1227,  1228,  1229, 
1230,  1231,  1232,  1233,  1234, 
1235,  1236,  1237,  1238 


-  14-68  - 


345.  Serratia  marc esc ens 

346.  Serratia  species 

347.  Sorbose  bacterium 
(Acetobacter  xylinum) 

348.  Spicaria  species 

349.  Spirochaeta  cytophaga 
(same  as  Sporocytophaga 
myxococcoides 

350.  Sporocytophaga  myxococcoides 
351-    Staphylococcus  aureus 

352.    Staphylococcus  candicans 

353 •    Staphylococcus  pyogenes  aureus 
(same  as  St aphyl ococcus  aureus ) 

354.    Sterigmatocystis  nigra 

(same  as  Aspergillus  niger ) 

355°    Strep tobac terium  casei 

(same  as  Lactobacillus  casei) 

356.    Streptococcus  bovis 

357-  Streptococcus  equinus 

358-  Streptococcus  f aecalis 

359.  Streptococcus  hornensis 

360.  Streptococcus  inulinaceous 
(possibly  Streptococcus  bovis) 

361.  Streptococcus  lactis 
362=    Streptococcus  pyogenes 

363.  Streptococcus  salivarius 

364.  Streptococcus  species 

365.  Streptococcus  varians 

366.  Streptamyces  albidoflavus 


Rx.  Nos. 

62,  77,  342,  437,  1009,  1304 

90 

307 

282 

456,  1170 

456,  1169,  1170 
1196,  1202,  1304 
965 
1304 

314 
1066 

969,  1151 
925 

447,  925 

1147 

969 

969 

1127 

1140 

969,  1147,  1152,  1153 
18,  26,  27,  28 

5'9 


-  469  - 


367.  Streptomyces  aureofaeiens 

368.  Streptcmyces  coelicolor 

369.  Streptomyces  fradiae 

370.  Streptcmyces  flaveolus 

371.  Streptcmyces  gelaticus 

372.  Streptomyces  lavendulae 

373.  Streptcmyces  roseochrcmogenus 
37^.  Streptomyces  species 

375-  Torula  species 

376.  Trichoderma  lignorum 

377-  Trichoderma  species 

378.  Trichoderma  viride 

379.  Trichothecium  roseum 

380.  Ustulina  deusta 

381.  Ustulina  vulgaris 

(same  as  Ustulina  deusta) 

382.  Vibrio  cuneata 

383.  Villia  anomala 

(same  as  Hansenula  anomala ) 

384.  Villia  anomala  var.  sake' 
(probably  Hansenula  anomala) 

385.  Villia  species 

386.  Vojnowicia  graminis 

387.  Xanthomonas  oryzae 

388.  Xanthomonas  uredovorus 


Rx.  Nos. 

180,  461 
726 

234,  243,  272 
59 

141,  142,  143,  145,  586,  587, 
589 

375,  376,  386,  5^,  577,  584, 
715,  716,  717,  1307 

165,  170,  251 

59,  114,  126,  129,  213,  244, 
250,  259 

1075 

469 

469 

467 

130,  247,  278,  477,  484 

453 

453 

617,  618,  619 

1090,  1094,  1103,  1104,  1253 

558,  561,  564 

1075 

493 

437 

66,  3^6 


-  470  - 


389.  Yeaats 


E&*  Nos. 


103, 

105, 

115, 

288, 

290, 

353, 
564, 

35^, 

430, 

558, 

561, 

563, 

602, 

625, 

630, 

632, 

633, 

63^, 

637, 

638, 

639, 

641, 

644, 

645, 

646, 

647, 

648, 

650, 

651, 

652, 

653, 

654, 

655, 

656, 

657, 

658, 

662, 

663, 

664, 

665, 

666, 

667, 

668, 

669, 

670, 

675, 

676, 

677, 

678, 

679, 

681, 

682, 

683, 

684, 

686, 

687, 

688, 

690, 

691, 

692, 

693, 

694, 

695, 

696, 

697, 

698, 

699, 

700, 

701, 

703, 

704, 

709, 

710, 

718, 

719, 

720, 

721, 

722, 
738, 

723, 

724, 

731, 

733, 

737, 

740, 

741, 

742, 

744, 

745, 

746, 

747, 

748, 

7^9, 

750, 

751, 

753, 

756, 

757, 

758, 

759, 

760, 

761, 

762, 

763, 

767, 

768, 

769, 

770, 

771, 

772, 

773, 

774, 

775, 

776, 

777, 

778, 

779, 

780, 

784, 

785, 

790, 

792, 

793, 

794, 

795, 

796, 

797, 

798, 

799, 

801, 

802, 

803, 

804, 

805, 

806, 

808, 

809, 

811, 

812, 

813, 

822, 

832, 

833, 

83^, 

835, 

857, 

860, 

864, 

865, 

867, 

868, 

869, 

870, 

871, 

872, 

874, 

881, 

883, 

907, 

910, 

912, 

913, 

914, 

915, 

916, 

917, 

918, 

919, 

924, 

926, 

973, 

976, 

977, 

979, 

981, 

982, 

985, 

989, 

992, 

995, 

997,  998,  999,  1000,  1002, 

1003,  1004,  1005,  1006,  1011, 

1012,  1021,  1027,  1028,  1030, 

1039,  1042,  1048,  1055,  1075, 

1077,  1080,  IO83,  1084,  1091, 

1092,  1095,  1101,  1173,  1181, 

1188,  1205,  1206,  1239,  1241, 

1242,  1243,  1244,  1246,  1250, 

1255,  1257,  1259,  1287,  1288, 

1289,  1290,  1291,  1292,  1293, 

1294,  1295,  1303 


390.    Zymoaonas  mobilis 


880,  882,  904 
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